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INTRODUCTION 



In the realm of education, compmters may be used in a 
variety of ways. Basically they are used for ' information 
storage and retrieval, course management, te&t 
administration and computer-aided instruction (CAI). "^he 
use which has been considered the most controversial is 
CAI. CAI shall be defined here as a process by which 
. • tten and visual information is presf^'-^-'^d in a- logical 
sequence to a student by a computer (Pr el, 19B0)* 

Barriers to CAI 

In the past it was predicted that computers would 
become a. major part of the educational process (Luskin, 
1972; Carnegie Commission, 1977)* Current studies have 
shown, however, that the us.e of computers ((especially for 
CAI) is increasing, but it has not yet becomV widely 
accepted (CONDUIT, 1978; Chambers and Sprech^^^^^ 
Basically there ♦have beexj technological and educational 
barriers to the 'success of CAI in higher education. Namely, 
these barriers are af f ordability of hardware (computers and 
equipment), availability of good software, and lack of 
f>culty interest and training. As a result, efforts are now 
^being directed at yiiminating these barriers. 



In the past, hardware has been unaf f ordable for many 

Institutions (CONDUIT, 1^78), therefore it has not been 

acquired, muoh less utilized for CAI. High costs are mainly 

attributable to mainframe (time-share) computers. 

/ Researchers in the field now predict that educational 

computing is rapidly^ moving toward the use of inexpensive 

mic-rocomputers (personal comp&ters) (Bork, 197^; Chambers 

• -» 

and Bork, 1980; Chambers and Sprecher, 1980)* 'The cos.t of a 

• -computer, disk drive and monitor (video display) ranges 

between $1,000 - $2,000 today, and is rapidly declining* 

Bork (1981) pred.icts that the cost of cornputers will 

continue to. decline, and has Currently b^een dropping by lo^ 

ry year. He .attributes this td,/lncre^--*n^5 technological 

skill and mass production of components . 'aditlonal 

*• * 

ins true tionaJL costs, such as that of boc and teachers, 
• have increased at a rate pf 13/5 per year between 1977 and 
1980 (Chambers and Sprecher, 1980). As a result of the 
lower cost- for microco^npufefers , an increasing number of 

institutions' may be apt JCo try CAI ori an experimental 

/ 

bas is. 

Microcomputers are also advantageous in terms of size 
and speed. The microcomputer 'fits on a desk top and may bp 
easily transported from office to Qlassroom-or laboraJ:ory* 
The user may choose the type of learning condition^' 
desired. Mi,crocomputers also elimin'kte time-sharing, 
•down-time, passwords* and slow graphics display all due to 
the number of users on nj^inframe systems. Many ■ 
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microcomputers have high resolutlan color monitors, text 
editing arid some^-iy^fmlt^ voice Inpuft and- output. One 
dlsa^an-tage of microcomputers at this point Is their small 
storage capacity, however better forms of mass storage are 
becomming available. 

One 9f Ihe problems .associated with CAI software has 
been 'cost of developrrvent ; According 'to Chambers- and 
Sprecher (1980), about 50 500 hours of preparation time 
are needed for one hour of CAI user contact time on the 
computer. Laak of, author source's IwS also limiting, because 
CAI authors must be knowledgeable in the subject matter, 
the principles of teaching, and computer programming,, in " 
order to produce educationally worthwhile, material. This 
creates the nec^sity for" software production by teams, 
thus Increasing the Investment^ of human labor into its 
production. 

Software availability is also aff^ ' by lack of good 
material and lack of l good CAI language .\ich can be 
transported (translated to another langu< e^ of*^ for other 
sys'tems). Only a few sources- of CAI material are available. 
In the early 1970 *s the universities of. North Carolina, 
Oregon, Dartmouth, Iowa and Texas formed a consortium 

« 

(CONDUIT) to acquire, evaluate and distribute , instructional 
cpmputing ^sof tw^re (Chambers and Sprecher, 1980) CONDUIT- 
is presently converting existing software for mainframes, 
•to forms, that may be used on''* microcomputers , as well as 
seeking new material. However, it Is felt that the 



conversion, of existi^ng programs from other systems) may not 
take full advantage of the uniqae capabilities of 
microcomputers (Spainy 1979)* Alfred^Bork is also producing 
both microQomputer and mainframe CAI material at the 
University of California at Irvine. , 

The final block to CAI success has been the arttitude 
and background of educators. A prevailing attitude on many 
aampu3es has been intolerance of CAI, skepticism about its 
usefulness and hostility ' about 'its intrusion into the 
cu^iriculum (Mdsmann-^:; 198O) . Many. CAI developers have 
attempted to replace traditional teaching methods (lecture 
etc. ) with CAI For .this reason, Luehrmann (1978) went so 
far as to say. that ^^AI will not be successful in schpols 
because it threatens teachers. This may be true of some 
types of CAI, however, the huma>Kelement in teaching has 

^orx found to p]^a;^ a- major role in CAI success (BUnderson, 
198r). Tnerefore the foous has been plJ • on the need for 
teachers to be trained in computer use, at least in CAI 
Implementation. Hopefully CAI can be developed to the point, 
where administrator, faculty and student fears can be ' 
o.vercome.' For, in addition to technological advance, only 
involv.ement and belief by educators can ensure that CAI is 
used to. its full power (Bork, 1991)* 

Types of CAI ^ . * 

Of the limited CAI software that has been developed 



and Implemented so far, there are two major categories: 
adjunct and primary (Chambers and Sprecher, 198O) . Adjunct 
CAI is considered to tfe that which supplements the learning 
situation; tiie programs are used to support or Illustrate 
o-oncepts and generally take one-h^Jir hour to run. Brimary 
CAI "programs are usually lengthier and are developed for 
stand-alone use, or as a- substitute fpr other modes of 
instruction. 

♦ 

Under these categories there are seveis'al formats or 
types of CAI programs ." Those CAI types^which are the most 
common are drill and practice, tests, games, ti?torial and 
simulation. Drill and practice programs basically present 
problems and provide feedback. They are advantageous in 
-...t they can repeat problems, present -"^blems based on - 
previous answers and keep records. Thi. pe- of drill may 
be tedious for a teacher, as the studer. s need for 
.practice m'ay excel the teacher's time and/or patience. ^']ghe 
use of CAI for testing is limited mainly to adjunct use. 
Test questions are stored in the vcomputer', to be randomly..' 
generated for each individual student. Tests can be graded 
and scores recorded and summarized for the 'teacher. CAI 
games are commonly used in elementary schools to Introduce 
children to computers, and may improve students' attitudes 
toward the subject area. Tutorial programs present basic 
information, then lead the user to discoveries by means of 
strategic questions. This type of CAI is* Interactive and 
essentially consists of a dialog between the computer 



(specifically the p'rogrammer) arid the learner/ Finally, 
there are CAI simulations, which attempt to substitute for 
and/or supplement experiences and intersictions with a given 
phenomenon. 

Of Jt^e typesi of C-AI' discussed above, .tutorials and 
simulations are the two types of CAI that come closest to 
real life ^learning experiences. CAI programs ' oah prpvide a 

•f 

type o'f indirect experience, and experience is believed to 
enhance learning ^Bork, r980a) . Also, many educators agree, 
that t'he student/tutor relationship is the optimal teachiirr^ 
and learr^ing situation' (McKenzie et al., '1978; Tsai and 
Pohl, 198O; Bunderson/ 198I)'. This is based on the fact 
that such situations are personalized for the individual, 
as are many CAI programs. Just as a tutor would^dd, CAI : * 
tutorials and simulations' put the intti-alive in the hands 
of the student, and th^y ar^-'aapable of giving reasonably 
flexible responses (WcKenzie, et al., 1978). 

Computer simulations may serve as a powerful tool in 
a-clence education, especially in the laboratory*. It may not 
always be practical or .possible fc>r students to interact 
.with real phenomena in an attempt to 1 . .. CAI simulations 
simplify an experience 6r phenomenon by ueans of a 
representative model, in order to make it accessible to the 
student's perceptions and understanding. If spa^cei time, 
size or complexity are limfting, they can be altered in 
such a way that a simulation may be better for teaching 
purposes than the real thini^, "(Dale , 19^6) . Simulations do 



not tak^ the place-of experience, but unlike most other 
modes of " instructon JDesides experience, they may help 
create student Insight (Able, 1980; Bork, I96ls Petrakos, 
1981). 

■ . ;j 

Principles of Learning 

' ' ' ' ' \ ' * ' ' • 

/ • • 

' In order, to create educational media- which are 
eCf.ectlve teaching instruments, educational technologists 
should follow a gene ral . learning theory upon which they can 
model their Innovations. For the purpose of this report, 

the folLO/Hing quotation presented Eisele (I98O) serves" 

' ^^^^ 

as a good description of the proce^sjss which a student mus^t 



through to learn: 



The core problem in a science of in^wruction is 
the process by which the individual student learns. 
Instrumentation has potential <f or each step-in the 
process. The learner is exposed to some rnateiMal 
or s'timuli; he must interact with *that material in 
some active fashion aa writing, talking, thinking 
or reasoning and the adequacy of the interaction 
mui^t In some way be evaluated and reinforced. 



What, I would like to stress here are the ways in which CAI 
can aff4sct and Improve learning. With this in mind I will 
focus on what I feel to be the key words in the quotation 
above: Interact, active and reinforce. 

Most psychologists |^ree that active learning is 
superior ^to passive learning (Bork, I98I). That^lsT" 
students do not learn merely by looking, they learn by 

7 ^ 



becoming involved (Dean, 19A6)».CAI is capable of 
stimulating this type of * active Involvement which aids 
learning (McKenzie et al, , 1978; Spain, 1979, Bork, 1980b)- 
Dean (19^46) believes that various instructional materials 
differ primarily^ in the degree of sensory experience they 
are able to provide. ©The more senses 'the .student • employs, 
the better may be the Tearnlng experience. These reasons 
form the foundation for the belief that CAI can be superior 
to printed material in establishing more effective 
^earning. 

CAI versus Textbooks j ' \ 

There are several properties of C/\I which distinguish 
J^t'from printed material in terras of facilitating active 
learning. In the reading of textbooks tlie process is- 
commonly one of passively letting the textbook information 
"flow" intb the individual (Bork, 1980a) , that is, the 
material is not seriously thought about. As a tutor/student 
dialogue a\ created with CAI, the student can be induced to 
think. 1^ 

7 CAI programmers attempt to actively involve sl5^;^nts 
in learning by presenting frequent questions throughout CAI 
programs. The student can not pass by questions in CA]^ and 
(s)he is provided with immediate feedback. PsychtMogists 
agree that the best feedback occurs immediately after the 
event , tos imjnedlately reihforce learning an^ increase its 

8 



effectiveness (Chambers and Sprecher7^9^0; Bork, 198l), 

Th-e student's active lnvoIvemeii.t^^wlth CAT can also be 

• relnf-orced b'y, the Immediate visual display of graphics; 

this Is true mostly of microcomputer? » *This strategy** has 

been'termed interactive computer graphics (I6g) by McKeriele 

et .al. C1978). As the student Interacts ^ith the bomputer ( 

terminal, graphical feedback is provlded^ as a consequence 

of the Interaction, such as when using CAI simulajblon^,. 

Many researchers believe that 'this visual Immediacy ^ of. ^ 

graphics enhances instruction,, thus aiding the learning 

process (McKensle et al., 1978; He.ck et al., l98l)» Books 
- - - ^ 
.and CAI. both allow information to be replicated accurately, 

but only CAI can replicate interactions accurc^tely with 

true feedback (Buhderson, 1981), • 

Bork (1977)^feels that visual presentation of material 

is often superior to verbal presentation, This may be 

i**elated to the hypothesized learning strategy of mental 

imai^ery. If people generate mental images of the raaterlal 

they are learning, as suggested by Rlgney and-Munro (198I), 

graphics may aid them in establishing this mental image. 

The use of mental Imagery is considered to. have positive 

effects on the acquisition or processing of information. It 

is true that printed Illustrations may also aid this 

strategy, but it is th^ animation and student manipulation 

offered by *CAI which may make its illustrations superior in 

this re.spect. Also, CAI graphics may bemused to cUe the 

student on specific points by using strategic delays, or by 

O . • ^ 9 
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flashing or moving things on the screen. There is no other 

(neuium which can offer fehls -type of gra^jhical display 

combined with user interaction.. Finally, tmlike printed 

material, CAI lias no visual limit^ions . • mf or-mation'can be. 

presented in a visually appealing manner, using different 

print styles, letter slzag, colors and" spacing without 

additional tost. 

Computer graphics are also believed to be highly 

motivational (Bork, 1980b, 1981) • The topics which lend 

themselves to ICG are typically those* which are difficult 
• » 

to teach (Spain, 1979). In addition, such topics are 
presumably difficult for students to comprehend. In saerh 



cases, Bork (1980b) s?es graphics as provTclTng^the \ 

motivation needed to help students stay -with the dif^fi^lt 
, -parts. Not only are graphics considered to provide 

motivation, but in geniral, CAI has the capability of 
.creating student interest, thus motivating students to 

iearn (Bc^'c, 1981; Bunderson, 1981). 

'Finally, CAI can facilitate learning at higher levels 

than can normally be accomplished with printed material. 

The recall of knowledge and the development of intellectual 

abilities and skills are considered cognitive functions 

f 

(Ahmann and Glock, 1981). In the cognitive realm there are 
basically six hierarchical levels of performance (from 
simple to complex): knowledge, comprehension; application-, 
analysis, synthesis and evaluation (Bloom, 195^ • CAI is- 
believed to have the ability to Instill learning^ at the 



'higher", levels (Spain, 1979)' by' impi>oving problem, analysis , 
organization (Petnakos, 198I) an<3 Insight jiBork, 1980b), 
among other things. 

The point ^ing ma?ie here is not that CAI should J 
replace printed media in education, but that CAI can be a 
valuable tool just as books have proven to be. The fact. ^ 

that print media usage buildf on hundreds oT year'b of ' • 

* , - -4 

development 'arid traditions (Bunderson,, 198I) ccea'tel the 
necess.ity for CAI developers to substantiate the fact that 
CAI can be the equal of books in terms of learning. It a 
common belief that) CAI alone is not a complete learning 
experience (Elder, 1975; McKensiie et al.,'1978,^ Bork, 
1981). In fact^ no media- is -considered to offer a complete 
learning' experience when used alone. This attitude was 
expressed long ago by Dean (19^6) when he stated that "the 
more numerous and varied the media we employ, thfe richer 
and more secure will be the concepts we develop." This . 
posture has also been taken more recently by Bork (198I). 
He feels that an environment truly responsive to students 
must have a variety of materials and techniques for 
. learning. In light of this, any attempts made here to prove 
superiority of CAI over prihted media, are done so only to 
establish the merit of *CAI ^nd clarffy its potential role 
relative to other forms of madia in education. 

r ■ ■ , - 
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Past Research 

1 Most research la- the field, up to the present,, has 
dealfe with primary CAI and its comparison to the 
traditional teaching method of lecture. Very little work 
has been donec^ concerning fche comparison of books and CAI, 
especially adjunct CAI. The most significant projects 
involved in devel9ping and evaluating CAI material for 
higher education are TICCIT CTlme-shared Interactive 
Computer Controlled Television) ^nd PLATO (Program Logic 
fot* Automatic Teaching Operations). 

• .T«he TICCIT project was developed at Br^ham Young 
.University; CAI materials were developed based on concept 
and rule learning (Bunder^on, 1981) • TICCIT involved* 
primary CAI English and mathematics cour* ^-^-^ that were 
taught at Phoenix and Alexandria Communi ' Colleges. An 
evaluation of TICCIT was conducted by Donald Alderman of 
the -Educational Testing Service (ETS); it contrasted the 
TTCCIT courses with the same courses taught using regular 
classroom lectures. Chambers and Sprecher (I98O) report 

that the mathematics course evaluation showed significant 

, ' - - ^ — — . — „ — ^ — ^ , 

achievement effect of, TICCIT over the regular classroom. 
However, fewer students completed the former than the 
latter course proportionally. Student attitudes towards 
TICCIT were less favorable than towards the regular 
lectures in the mathematics course, and did not differ in 
the English course. Achievement favored the TICCIT approach 

12 
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in English also, and the course completion rate was the 
same for "both teaching methods. When reviewing these 
results it is important to note that the. EngL^h TICCIT 
program' Included -much more personal Interaction between 
students and faculty than did the mathematics course 
(Chambers and Sprecher, I.98O) . Also, TICCIT allows limited 
use of video (Bork, 198I) which means reduced ICG. 

The PLATO project was proposed by Donald Bitzer at the 
University of Illinois. It is a large mainframe educational 
system, however,, since 1973 microcomputers have also been 
used (Bork, 198I). PLATO uses the CAI J.ajiguage, Tutor, 
which has full graphics capabilities. Donald Alderman of' 
FT.S als'o evaluated the use of PLATO in five fields in five 
community colleg.es as either a supplem ■ or 
replacement of, regular classroom instr. Aon. In no cases 
w^re PLATO programs used in lieu of an entire course. 
Chambers and Sprecher (198O) reported* the ETS. findings ; • 
basically, a significant increase in student achievement 
favored PLATO in mathematics, but not in accounting, 
biology, 'Chemistry or English. Overall, students' attitudes 
toward PLATO-type materials did Improve. 

^n a smaller scale study. Brown and Ellinger (I978) 
substantiated the Idea" that CAI Is capable df inducing 
higher learning. An evaluation of a CAI spacial marketing 
package for Geology students was given to one group and 
traditional methods were usQd ori another group. Pos'ttests 
revealed a signli'^icant difference in learning between the 

• 13 
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'two groups at the relationship and problem' solving levels 

(CAI' doing better), and- no significant difference at the * 

definitions level. «. <s - 

t • . . . \ 

Most othisr studies based on the comparison. of_^CA.I-an^' 
traditional methods have yielded somewharfc^con&istent 
results in t^rms of learnlng^^Siff erences (ChamBers and 
. Sprecher, 198O). Basically, the use of CAI either Improved 
learning or- showed' no difference when compared to 
traditional methods (Paden et al., 1977; Deignan.and ^ . 
iDuncan, 1978; Magidson, 1978; Spl^.ttgerber, 1979)- These 
studies, among others, also revealed that tlje .use 6f CAI '. 
reduced learning time compared to^^rac^tional methods-. 

In spite of these conclusions, Herman (1977) points 
out a problem with most primary CAJ studies - th.e drop out 
rate is usually ^much higher in primat*y CAI courses than in 
traditionally taught courses. Usually it is the poor 
achievers who drop out, thus raising the final class 
average. Herman suggests that this tendancy for drop-outs 
may be the result of student attitude. Many studies have 
shown ^that the use of CAI improved student attitudes 
towards the use of computers in the learning situation 
(Chambers and .Sprecher, 198O). However, Herman has found 
evidence that some students find the basic CAI format 
unstimulating and confusing. Students have expressed their 
dislike for a controlled frame-by-frame approach* Some feel 
pressured and anxious because they usually can not retrace 
their steps. Contrary to the support* given by most 

in 



psychologists, Herman also .reports that some students find 
that prompts .and constant feedback interfere with their 
understanding the material. 

Finally, many people who implement primary CAI as an 
entire coarse do not seem to consider the problem of 
depersonalization. In a situation where CAI dominated a , 
college freshman course for a year, at* least 25% of the 
students expressed resentment against iitipersonal 
instruction (Herman, 1977) Thus some research does point 
to the need for sufficient human interaction when using 
primary CAI (Chambers and Sprecher, 1980; Bork, 1981; 
Bunderson, I98I) , emphasizing again that CAI should not 'be 
used the primary mea^s of instruction. ^ 

The mo'at conclusive study comparing CAI £0" printed 
material and other traditional ^methods of teaching was done 
by Tsai and^Pohl (I98O). The study was designed to 
determine significant differenrces in learning achievement 
and retention of university students exposed to an 
Introductory level package on descriptive statistics. The 
study implemented the following treatment ^^roups: lecture, 
programmed instruction (printed text), CAI, programmed 
instruction plus planned student/teacher contacts, and CAI 
plus planned student/teacher contacts. After eight class 
meetings, each group was given multiple choice and problem 
solving tests. Retention tests Consisted of ten minute 
multiple choice quizzes given six weeks after the 
achievement test. The results showed that the CAI group did 

15 
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I Significantly better than the other groups on the multiple 

choice test", and the CAi-^plus group, did significantly 

•I 

better *than all other g-roups on the problem- solving test/ 

« 

There was no, significant- difference between groups for 

retention, whereas previous studies have indicated that 

CAI-Jtaught students may not retain as much as those taught 

traditionally (Tsai and Pohl, 19^6; Splittgerber, 1979) • 

Another project which has involved the development" and 

evalua4;ion of ad junc't CAI .materials is SUMIT '( Single- 

concept, User^adaptable Microcomputer-based Instructional 
« 

Techai.que) • SUMIT was developed at Michigan Technological . 

ffnive.rsity by James D. Spain and supported i)y a National 

Science Foundation grant. The objective of' the SUMIT 

project was to develop, evaluate and dissgpiinate 20 

Interactive graphics pro;^rams for use o^p Apple II 

microcomputers im general biology and ecoTogy. Unlike any 

other attempt to produce marketable microcomputer CAI to 

date, the SUMIT , approach encourages the integration of 

computer simulation into^a course, especially biology 

. tboratories (Spain, 1979)» Programs utHtL;e mathematical 

models, feedback', interactive graphics and many are 

programmed to facilitate modification by the user* A 

majority of the material developed by'SUMIT has undergone 

evaluation in various biology courses, but the results Iiave 

not yet been compiled or published* By administering pre- 

and posttests immediately before and after 'students run a 

program, the general finding has been- that students show 
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increased achievement in "the subj-ect area to* which they 
were 'exposed (Soldan, 1982). 

Problem Statement r • . • ' . 

In spitv^ of the "numerous stud*ies which have been done 
to test the effectiveness "of CAI, there is still a need for 
r^search^ After reviewing the literature, Chaifibers. and 
«precher (198O) concluded that well-designed, tightly ^ 
controlled evaluative 'studies .the use of CAI are rare. 
It was their reconflmendatlon that the apj^ropriate u&e of^CAI 
materials in the l-earn^lag situation should -be studied aM 
Implemented. 

Considering the forecast df increasing microcomputer 
popularity in education, it is important that more research 
focuses on the use of CAI on microcomputers. Due to the ^ 
prevalence of mainframe CAI, very few studies have looked 
Into using microcomputers in their . evaluations . Also, since 
. ij,'^ evaluations have centered.^ prime \ .^I, it is. 
Important to develop and evaluate adjun;* .AI materials. 
Since CAI is slowly^eing ruled out as the means of 
teaciyrng entire courses,* it is important to investigate its 
use as a supplement to traditional methods, especially in 
laboratories. I have not encountered any literature in 
which CAI wits incorporated into laboratory work. Finally^ 
any studies which may deal with adjunct CAI have not 
compared CAI learning to learning from printed text. In 



view of these deficiencies, I* develbped an adjunct 

microcomputer pr9gravTi far use in a general college biology 
« • • • . 

laboratory course. 

After carefully considering the existing software in 
biolo^gy and considering what topic would lend' itself to. CAI 
'ort the microcomputer, I chose to write an introductory 
program oti photophpsphoryla'tion (the light reactj^ons of 
photosynthesis) for the Apple II Plus .microcomputer, J 
chose this topic to fill not only a need for microcomputer 
CAI, but to fill a need for bfdlogical programs 
specifically.- CONDUIT, a leading software distributer, 
•offered a total of eight biology CM packages for 
microcomputers in a recent catalogue (CONDUIT, 198.1). None 
of these dealt with photosynthesis. I have encountered one 
Apple II BASIC program by J8eS Software (1980) which deals 
with photosynthesis; it is a drill and practice program 

^ 3 for review purposes. I chose phot -^phorylation 
upecifically , due to the need for CAI »^ ; lopment in plant 
physiology, and because T felt it would lead itself to 
interactive computer graphics. I also believed that it 
could be easily incorporated into photosynthesl^s labol*atory 
work. Finally, I felt that it was a topic which could 
employ interaction. and many of the capabilities offered by 
an Apple II, thus it woulu serve to highlight any 
differences between CAI and printed material in those 
respects. Since the program was to be used as actual 
instructional material in a pourse, I also felt it was 

18 



important to provide the *ttud'ents. with a topic from-. which 
they could benefit; my experience indicates that the 
photophosphQrylation. pa'thway is onen difficult for . 
students to' understand , 'and learn." 

. in vl^jw of the- above, considerations, the purpose of 
the present study was to compare the shprt term information 
retention of students who used CA'I, with those who had been 
exposed to thfe same subject matter I'n printed form. 
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METHODS AND* MATERIALS 



Developraent 



The design and development of the-, microcomputer 
program "entitled Photophbsphorylation was largely based on 
stylesi and techniques which have been, recommended or proven 
successful by others in the field. Sifice tutorial CAI is 
) best suited to enhance concept learning and simulations are 
best suited for enhancing concept integration and higher 
learning. (Bunderson, ^1981) , I chose to combine the tvro 
types into one program. Instructional simulations may 
either present information to a passive learner or interact 
with a participating learner (Fortner, 1979). I chose to 
implement the former type in this program; this was 
mandated by the length and complexity of th^ lesson. The 
Di'o^ram desi«gn and construction followed the approach 
outlined below, adapted from Spain (1979), and Agin and 
Simonsen (I982) in combination. 

I. Program Design 

ji. A. Specify learning objectives of subject area 

D. Specify appropriate level of abstraction for antici- 
pated users 

C. Write preliminary guide containing necessary back- 
' ground information 
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II. Program Development 

A. Write preliminary flow chart based on objectives and 
desired sequence of learning y*^ 

B. Write Initial program using open stru'c^re for later 
^ modification / 

C. Edit, add to, debug, document and mo/lfy program In 
preparation for trial use 

D. Write User's Guide 

Since the development of this program was done in 
conjunction with the SUMIT project, SUf4IT guidelines were 
used in preparing the User^s Gulde^ A User's Guide is 
essentially a student/teacher manual designed to explain 
and supplement 'a specific program* The basic guide format 
Included an abstract, program prerequisites, learning 
objectives, background information, applications, 
exercises, program descrlptlon/documentaJ:ion, and 
references. The Photophosphorylatlon User's Guide is 
presented In Appendix C- The User's Guide was not ased in 
the module* evaluation for two reasons: 1) users of both 
the written and computer modules would have had to use it 
to pr^^ent bias, and much of it would not apply to the 
written material, 'and 2) past experience with SUMIT has 
shown very few s.tuderAs even glance at the User's Guide 
when it is available* (* I will use the term module to 
encompass both the program and the written version.) 

'Program content was based on information presented by. 
Lehninger (1975) and Stryer (1981). Since these are 
advanced biochemistry ^^texts, c^^e was taken not to use 
information above the general"~mology level; Curtis and 
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Barnes' Invitation to Biology (198I) was used as a ' 
{guideline in this respect* The. program basically consists 
of four parts, an- introduction, explanations of the 
non-cyclic and cyclic pathways and a simulation of the 
entire pathway. The explanation sections consist of a 
step~by~step analysis of the pathways at the molecular 
level. The student is led through the prog^^am in an ordered 
fashion and after each section (s)he is allowed to review 
any portion of the program, as well as watch the pathway 
simulation for an ample amount of time. The program took 
approximately 200 hours to develop, and it takes 30 - 45 
minutes to run, depending on the study patterns of the 
Individual. Agin and Sirnonsen (1982) consider this a 
deiJlreable length for an adjunct CAI program. The diskette 
on which the program is stored can be found In Appendix A, 
and complete listings of all subp^rograms are presented in 
Appendix 

The ' programming style that was utilized ^ was based on 
'anticipation of user needs and pre. - ^es. In order to 
motivate students to read the text portions of the module, 
two strategies recommended by Kehrberg (1979*) were used: 1) 
text was broken up with questions, and 2) the amount of 
text on the screen at any one time was kept to a minimum. 
In addition, dialogue was kept informal, as suggested by 
Bork (1979, '1981). The screen display was put in the hands 
of the user to avoid, f r\istration j pages are controlled by 

r . 

pressing the return key, not by timed pause loops. 
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Questions are not put in endless loops, bui all6K the user 
CO go on after a maximum of two incorrect responses* Also, 
the user may not pass by questions without trying to answer 

them. Users are warned if there is to be a Idelay, for 

I 

example when loading subprograms ^ so they dp, not feel as*^ if 
something werjt wrong with the program. User confusion is 
also minimized by consistency in the nature of input 
required by tHe student (Kehrber,^, 1979 )• All actions are 
Initiated by pressing the return key, and all inputs have 
to be followed by pressing return before they are analyzed 
* by the computer. Finally, when a particular action is to 
occur, the user's attention is drawn to it prior to the 
event. Fortner (1979) stressed the importance of briefing 
the student before a simulation so the student knows what 
to expect, thus aiding his/her understanding of the event. 
In essence, the majority of the programming tactics 
implemented, were used to incorporate effective teaching 
strategies into the CAI program. 

The printed material, hereafter termed the written 
version, served as the traditional form of instructional 
:n>-4la. The. written version consisted of the same 
information contained in the program, almost verbatim, 
exce'pt that: 1) entire pages were filled with text as is 
commonly done in textbooks, 2) computer terminology was 
eliminated (e.g. "Press Return," etc.)* When students 
encounter questions in the written version, tHey are 
referred to an appendix to check their answers. No 
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reinforcement is given, just the correct answers and 
pertinent explanatory notes • CAI simulations are 
represented in the written version by printed flow 
diagrams, which are placed preceeding those sections which 
r.efer'to them. A copy of the written version Is presented 
in Appendix D. 

In addition to the written version, a one page study 
guide was prepared for issuance to each student at the time 
of the evaluation (sep Appendix E). The study guide ^ 
consists of general instructions ^ motivation .statements and/ 
12 learning objectives t.o be achieved as a result of using 
the module* Motivation was mainly provided by announcing - 
that th^ test score achieved by- each student participating 
in the evaluation, could be used to replace the student's 
lowest quiz grade in tha^oourse^. Bo rk (1981) and McKenzie 
et aJL. (1978) feel that for many student s"7^^a"des^influence 
their classroom p.erformance and commonly serve as 

^vation.^he learning objectives wer^ based on the 
."'Iglnal objectives I s.et up when deve2 )r) : ng^ the program. I 
tried to touch as many levels of learnin.j as possible with 
these objectives; unfortunately many of them were aimed at 
the knowledge level. 



Formative Evaluation 



\ The evaluation process began with a formative or 

\ "midstream" evaluation of the program and the test. This 
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evaluation served to provide J.nf(5rmation on the^.^ 

effectiveness of the material, at an intermediate point in. 
» * 

development* Ideally a large j^roup. of students 
representative of the targeb population should haiye^been, 
used for this process (Brown and Ellinger, 1978)^. Thi& was 
hot possible due to lack of a test group. Therefore a, small 
scale more intensive evaluation was performed. The program 
^;'was Initially reviewed by members- of the SUMIT research 
team; Agin and Simonsen (1982) recognize this as an 
.appropriate first approach to checking a program* 
Essentially, attempts were made to "bomb out" the program 
and detect programming errors. The second step was to get 
comments, criticisms and suggestions "from as many 
professors and graduate students as possible, who were , 
knowledgeaole in photosynthesis. These people basically 
analyzed subject validity, ambiguity, readability etc. 

»Summative Evaluation ' ^' 

A class of 102 students enrolled in General Biology 
10^1) at Michigan Technological University participated 
In the summativ^e evaluation. Qlass statistics (major 
curricula etc.) are presented in Appendix H. Students were 
exposed to a lecture on the topic of photophos- 
pho^ylation, given by their regular lecture instructor, 
approximately i\2 days before they used the module. A copy 
of the fundamental lecture is presented in Appendix G. At 
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the time of the 'lecture, students were also required to 
read pages 110-122 and 287-292 of Curtis and Barnes' 
Invitation to Biology (1981); this material covered the 
leaf and photosynthesis. Two weeks before the summative 
evaluation, the students took a midterm examination in the 
course; at that time .they were responsible for \he 
photophosphorylation lecture and reading material. Rased on 
this, itS^;jasjpsumed that a majority of the students had 
studied the topic material at some time prior to the 
suminative evaluation. 

Students had been exposed to the Apple II micro- 
computer and a series of SUMIT CAI "programs in laboratory 
prior to the evaluation. All students were required to run 
a program Introducing them to the Apple II computer, the 
first week of the course. All but one of the five lab 
Sections was required to run a manditory CAI program in lab 
every other week. A schedule of the lab topics and CAI 
programs used in lab each week up through the evaluation 
are presented in Appendix I. Current and previously offered 
pnfog^ams were made available in the lab at all times. 

1 The tool used to perform the summative evaluation was 
the 20 item objective test developed from the learning 
objectives. TSst items can be considered direct expressions 
or operational definitions of the learning objectives 
(Ahmann and Clock, ^1981). The importance of each Objective, 
in terms ^of the total lesson, was used to determine the ' 
number of test items related to each. The numbers of the 



test items which satisfy each objective, are presented in 
parentheses after each objective in Appendix E; an item may 
satisfy more than one objective. Objective test items were 
used to eliminate all subjectivity when determining the 
correctness of each answer. The test consisted of 18 
multiple choice and 2 ^fe^'ue/f alse items; it is presented In 
Appendix P. Th'e' construction of these items followed 
guidelines presented by Ahmann and Glock (1991) on pages 78 
~ 89* The length of the test was more or less arbitrarily 
determined, t)elng long enough to provide statistically 
valid data and short enough so a*s not to take up too much 
lab time* Based on the method of construction and purpose 
"of the tQst, I would consider it to be at norm-referenced 
achievement 'test • That is, it served to find each student^s 
performance level in relation to the performance of others 
taking the test (Ahmann and Glock, 1981) • Thus the test 
attempted to produce variability among test scores, »d 
differences between the two groups of students could be 
accentuated n.and attributed to the educational media they 
used. " 

Test items were analyzed by a professor of biology and 
1 i rof es^sor of education* They were also analyzed by a 
colleague who had run the program; he reasoned through the 
best aloud, in my presence. This allowed me to recognize 
major problems with question wording and distracters 
(choices). I edited the necessary questions based on ^ 
evaluation findings and verified the relationship between 
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each of the items and the objectives on which each was 
based, to assure content validity as suggested by Ahmann 
and Glock (I98I). 

The summative evaluation took place over a two day 
period Involving all five laboratory sections with 
approximately 20 people in each. The lab schedule is 
presented in Appendix H» Two of the labs were taught by 
myself, the other three were taught by two other graduate 
teaching assistants. Unfortunately, it could not be 
arranged for the lab work to correlate with the module 
lesson, in subject matter. Thus, the lab work dealt with 
ecology and soil testing. This lab is presented on pages 
99-ilO of Christiansen and Krear^s Laboratory Scripts for 
General Biology (1981). 

The students received two, brief lectures before 
starting the lab work or module; The first was an 
explanation of the lab work to be done^ given by the 
regular instructor. This was followed by a s6t of 

ructions presented ^by myself to insu*^e that the same 
.Lug was said to each group. The follow ir,.^ points were 
stressed: 



- You are participating in an experiment with 
carefully designed controls. 

- It is important to the field of education and 
to my Master* s Work. 

Think of the module as an integrated part of your 
labworkf 

- Do not bias the experiment with your personal 
feelings about which teaching method is better. 

- Do not communicate with others in the lab or in 
other lab sections' about the module or the test. 
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- Try to follow the instructions and do your best 
to learn the material. 

I also presented two reasons for learning photophos- 
phorylation during an ecology lab: 1) it would help 

^prepare students for the photosynthesis lab two weeks 
late.r, and 2) photophosphorylation is conunonly a difficult 
thing for students to comprehend, thus I thought a special 

.module., would help. According to Herman (1977) »> cues that 
the material is going to be a challenge, are more effective 
in stimulating learning than cues t^hat the material is 
going to be easy. Study .guides were distributed to each 
student; from these I re^d the instructions and stressed 
the use ^f the objectives as a learning guide to the* 
material. The objectives were generally presented in the 
same order as they vjere covered in the module. 

After the instructions, each student, was told which 
group (s)he would participate* in. Each lab section had been 
randqmly divided into two^groups, control (written version) 

arid experimental (CAI), by means of an Ap^le II randomizing 

» 

program written by Shaltz ( 1982!). Each of these groups was 
r.'indomly divided in half again; this determlfied who was. to 
'lo the lab work before looking at the module and vice 
versa. In cases where extra or missing students caused a 
major group imbalance, a coih was tossed to rebtify'the 
situation. The random experimental design described above 
was used to eliminate possible bias between sections or 
individuals and eliminate congestion in the lab. 
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After I completed my instructions the students began 
their worlf^ Seven microcomputers were set up in an area 
which was remote Crom the main lab* Written versions were 
passed out by the instructors and most students read these 
in the stuay carrells. The written versions had to be 
handed in before students could receive the test. The same 
test was used for all students. Also, the t^st was not 
timed and it was taken on an individual basis in the 
designated test area immediately after students finished 
their'modules . Notes etc. were not allov/ed during the test; 
the test area was periodically "patrolled." Lab instructors 
handled problems the students had with the module or the 
lab work. Students recorded their test answers on IBM 
computer answer forms, which were then .scored against a key 
by the M.T.U. Academic Computing Services. 



Data Analysis 

The data (test scores) were divide . ' ito four groups: 
Written version/Lab work first (WL); Con.puter version/Lab 
work first (CL), Written version/Module first (WM) and 
Computer version/Module first (CM). One score from each of 
the WL and CL groups was randomly thrown out to equalize 
all four groups resulting in 25 scores in each; this was 
not done to the item analyses data, discussed later. 
Bartlett's test for homogeneity of variances (Zar, 1980) 
was performed to determine If all samples came from the 
O ■ 30 

ERIC 

~" 36 



same population. To determine if each sample group" came 
from a normally di*stributed population, D' Agostino's test 
for departure from r^mality (Zar, 19^^0) was used* These 
tests wert5 followed by the use of a Model I 2X2 Factorial 
Analysis oi; Variance (ANOVA) with replication (Zar, 1980). 
ANOVA served to determine the effects of the instructional 
media on the scores, the effects of the order in which lab 
work was done and the interaction of these^wo factors. 
Consequently, Duncai^'s New Multiple Range Test (Duncan, 
.1955) wao used to compare all four group means to detect 
differences. 

To anaMyze the data at the test item level, a program 
entitled Item Analysis (Pehlberg and Platham, 1969) was run 
on a UNIVAC 1110. -Each student *s answers were coded t)nto a 
general purpose punch card and cards were divided into two 
groups (computer and written). These group data vfere each 
separately incorporated into the analysis program and rur^ 
through the computer, with an additional run using all data 
collectively* The program produced the following usable 
statistics: KR^-aO Reliability Coefficient, item difficulty 
indices, item test score mean^, item 2-score means,' item 
•ii^.^rial correlations and item ^ reliability Indices. These . 

t.itistics are used to determine th,e strengths and flaws of 
each item, as well as to distinguish between.^ the two 
treatment groups. The difficulty Indices for each group 
were compared for each item, by means of a teat of the 
equality of two proportions (Pruend et al., I960). Items 
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which revealed significant differences in difficulty were 

t 

further analyzed at the distracter level 4:o determine where 

f 

the differences existed* Prom this, postulations of what 
caused 5^>ecif ic learning differences iDetween the two 
treatment groups wer- made. 
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RESULTS 

The niajority of conclusions made about the 
effectlvo'Hess of the CAI program versu.s the written version 
were based on the following statistics. ANOVA assumptions 
were satisfied first by using Bartlett's t>est -for 
homogeneity of A^arlances which yielded a calculated 
chi-square value of 1.20?. The critical value at alpha = 
0.05 and 3 degrees of free^lom was 7. 815* Thus the null , 
hypothesis (all sample variances estimate the same 
population variance) was not rejected. Agostino • s test 
for departure from normality resulted in apceptance of the 
null hypothesis (the sample came from a normal population) 
for ail groups. The distribution of the data can be seen in 
histogram form for the whole class, computer (CAI) group 
and written version (W) group in Figures 1, 2 and 3 
respectively. The means, variances and standard deviations 
of each group are also presented in these figures. A 
comparison of Figures ? and 3 reveals that the CAI group 
had a larger mean (14.80) and smaller standard deviation 
(2.79) than the W group (mean » 12.16, s = 3»52). 

\ 
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Table I. Analysis of Variance summary table for Photophos- 
phorylation test scores. Factor A is .the type of media used 
(computer or written) and Factor B is the order of task " 
completion (lab or module first). 



Source of 
Variation 


SS 


DP 


MS 

« 




Cells • 


277.92 


3 






Media- (A) 


17'l.2'4 


1 


174.24" 


18.86** 


Order (B) 


51.84 ■ 


1 


51.84 


^.61* 




Sl.BJl 


1 


51.84 


5.61* 


Error 


" 887.04 


96 . 


9.24 




Total 


1164.96 


99 






* 


significant 
significant 


at alpha- 
at alpha 


= 0.05 
= 0.01 
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Figure 2. Frequency distribu.tion of Photophosphorylation 
test scores for the computer 'group. + = 1 score, N = 50. 
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Figure 3. Frequency distribution of Photophosphorylation 
test^ scores for written version group. + = l score^ N =5 50 
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The results of the ANOVA test are presented in Table 
!• The null hypotheses of no effect of media on achievement 
scores,* no effect of task completion order on achievement 
scores, and no Interaction effect of media and order on 
achievemeVii; scores, were all rejected at'alpha = 0.05. The 
Factor A J(media) hypothesis was also rejected at alpha = 
»^0.01. As a result oi^ rejecting these hypotheses, Duncan's 
New Multiple Range Test was employed to detect w.hich gr^up 
means, differed; Table' II presents these results. 
Significant dif f erences . were found to lie between both 
levels (WM and WL.) of the W group and between the entire W 
group ahd the entire CAI group at the 0.05 level as 
indicated in Table II. At the 0.01 level only the^ WL group 
stood out as significantly different from the other three 
groups. After examining these general trends in the data, 
they were scrutinized more closely by means of item 
analyses. 

The pertinent item analyses data for the class aS a 
whole are presented in Table III. The KR (Kuder 
Rlchardson)-20 value at the top of the table is a measure 
of test reliability estimated on the basis of the 
consistency of student performance from item to item within 
the test (Ahmann and Glock, 1981). This value can 
theoretically range f romi -1 to 1, with these limits being 
perfect internal consistency, i.e. students consistently 
,^',ul all questions wrong or consistently got all questions 
right. The Photophosphorylation test had a KR-20 value of 
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Figure 1. Frequency distribution of Photophosphorylation 
test scores Tor entire class. + = 1 score, N = lOO. 
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Table II. Duncan's New Multiple Range Test for mean Photo- 
phosphopylation scores of the four treatment groups. CL = 
Computer/ Lab 1st, CM = Computer/Module I'st, WIvI = 
Written/Module 1st, WL = Written/Lab 1st 



Group CL CM WM WL Crlt. Vals 

(lil.80) (ljt.80) (13.60) (10.72) (.01)(.05) 

CL (m.80) 0 0 1.20* i|.08** 

CM • (1^1.80) 0 ' 0 1.20* 4.08»»""*2.80 1.21 



WM (13-60) 0 0.0 2.88*^^-2.61 0.97 

WL (10.72) 6 0 0.0 ""^2.29 0.58 

1^.80 1^.80 • 13-60 - 10.72 . 

^ significant atj^ alpha = 0.05 
** significant at alpha 0.01 
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0,666. Item difficulty indices indicate the proportion of 
students correctly answering each item out of 102 
examinees. (Hot'e: Item 20 was computed on the basis of 99 
indivi uals. The computer assumed that the 3 people who did 
not answer the question did not have time to finish the 

# 

test; the missing responses were not treated as incorrect 

/ 

answers by the computer for item analysis purposes. 
Responses missing from Items' 13 and 1^ were treated as 
incorrect answers when computing item analysis data.) A 
large or small item difficulty indicates that the Item was 
too hard' or too easy respectively. Items with difficulty 
indices between 0.40 and 0.70 ar.e ^ considered at •'a "good" 
difficulty level for a norm-referenced achievement,, test 
(Ahmann ^rrd-G-Lo^ck, I98I). Items which fall in this range 
are Indicated in Table III, Ahmann and Glock. (I98I) 
recommend that these valujes be considered rough 
approximations because we do not know whether the number of 
people who kn^w the answers was the same as the number of 
people who got them correct. 

. Item biserlal correlation values provide an index of 
discrimination, or £^ measure of the degree to which 
students with higher test scores answer an item correctly 
and students with lower test scores answer an Item 
ln<:orrectly (Kehlberg and Platham, I969) * Indices of 
^iljicrimination are often determined by an internal ' 
oonsistancy method. That is, the ^scores from the test 
itself are used as internal criterion and divided into 

39 

^7. 



upper and lower groups (for example, the top and bottom 
1/5) • Maximum discriminating power of an item means 

^> 

everyone in the upper group answered the item correctly and 
everyone in the lower group answered it incorrectly (Ahmann 
and Clock, 1981)^ Thus, items with high biserlal 
correlations are the best discriminators. The following 
criteria have been used, in Table III:, .items with biserlal 
correlations below 0.2 are considered poor discriminators, 
those between 0^2 and 0.299 are fair discriminators, and 
those above 0*3 are good discriminators (Ahmann and Glock, 
1981) . A riegative value means the item is unsatisfactory at 
discriminating between students who know the material and 
those who do not; item I8 has both a negative reliability 
index and a negative biserial correlation. The. Item 
reliability indices are indicators of item effectiveness. 
This index takes into account biserial correlation and the 
proportions of students getting a question correct or 
incorrect. 

Those items which have both a difficulty index between 
0.^ - 0.7, and a biserial correlation above 0.3, have been 
tagged as good discriminators of moderate difficulty (Table 
III), i.e. good items relative to the others on the test. 
Ten of the 20 items on the test fit this category (Nos. 2, 
6, 7, 10, 11, 1^, 15, 16, 19, 20), Items 14 and 19 were 
Included because they have high biserlal correlations 
(0.50^ and 0.688 respectively), with difficulties of 0.706 
each. The worst item^ in this respect, is number 18 v/ith 

40 



Table III. Summary of item analyses performed on Photo- 
phosphorylation test scores for the whole' class. N = no» 
students answering each item, DIP = item difficulty index, 
REL = item reliability index, PIS = item biserial 
correlation - 

-\ 

KR-20 Reliability Coefficient = 0.666 





IT 


N 


DIP 


REL 




•1 




102 


0.765 


0.^76 


0.651+ 


2* 




102 


0.422< 


0.265 


0.537+ 


3 




102 


0.794 


0.241 


0.597+ 


1| 




102 


0.843 


0.256 


0.704+ 






102 


0.902 


0.108 


0.363+ 


6* 




102 


0.608< 


0.256 


0.525+ 


7» 




102 


0.637< 


0.283 


0.588+ 


8 




102 


0.784 


0.265 


0.645+ 


9 




102 


0.363 


0.139 


0.289 


10* 




■ 102 


0.657< 


0.162 


0.341+ 


11* 




102 


0.6l8< 


0.354 


0.729+ 


12 




102 


0.324 


0.126 


0.269 


13 




101 


0.824 


0.180 


0.473+ 


14* 




101 


0.706 


0.230 


0.504+ 


15* 




102 


0.637< 


0.268 


O.558+. 


16* 




102 


0.686< 


0.306 


0.660+ 


17 




102 


0.765 


0.260 


0.613+ 


18 




102 


0.833, 


-0.013 


-0.035 


19* 




102 


0.706 


0.314 


0.688+ 


20* 




99 


0.598< 


0.259 


0.532+ 






Good discrimination/difficulty 


level 






Item difficulty index 


between 


0.4. - 0.7 






Good discriminator (> 


0.3) 
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DIF = 0.833, REL = -0.013 and BIS = -O.O35. 

In a manner similar to that discussed above, the data 
were separated into the CAI and V/ groups, and an item 
analysis was run on each of these. The item difficulty and 
item reliability indices are presented in Table IV. All 
difficulty indices were calculated on the basis of $1 
individuals except Item 20, for reasons explained earlier. 
The Item reliability indices are presented to provide 
evidence that the items ar.e still reliable when considered 
separately for each treatment group, item difficulty 
indices in Table IV were used strictly for comparison 
purposes between the two groups. The test for the equality 
of two proportions was executed using the item difficulties 
of each group for each item. This test resulted in a 
z-score for each Item; these were compared to the critical 
value of +/- 1.65 at the 0.05 level to conclude acceptance 
or rejection of the null hypothe£>"is , DIF(CAI) <= DIP(W). 

Six of 20 items (Nos. 3, 7, 11, 1^, 19, 20) showed a 
signiricantly larger difficulty index for the CAI group 
than for the W group. Only item I8 showed a smaller 
difficulty index for the CAI group {O.BZk) th^ for the W 
group (O.I3'l3)j however, a test against the null hypothesis, 
DIP(CAI) >= DIP(W), revealed that the values were not 
significantly different. Therefore the W group did not do 
significantly better than the CAI group on any of the 
lr."ms. Of the six items v/hlch showed a significant 

'\2 



Table IV. Summary of Item Difficulty, Reliability 'and 
Z-Score Data for the CAI and W groups taking the photo- 
phosphorylation test. N = no. students answering each item, 
DIP f item difficulty indices, REL = item reliability 
Indices f 



CAI 



Item 


N 


DIP 


1 


51 


0.765 


2 


51 


0.490 


3 


51 


0.863 


4 


51 


0.902 


5 


51 


0.941 


6 


51 


0.647 


7 


51 


0.725 


8 


51 


0.843 


9 


51 


0.431 


10 


51 


0.686 


11 


51 


0.765 


12 


51 


0.353 


13 


50 


0.863 


14 


^0 


0.863 


15. 


51 


0.686 


16 


• 51 


0.745 


17 


51 


0.804 


18 


51 


0.824 




51 


0.784 




50 


0.800 



REL 

0.326 
0.151 
0.138 
0.133 
0.O9O 
0.145 
0.150 
0.293 
0.118 
0.226 
0.336 
0.204 
0.138 
0.261 
0.170 
0.290 
0.150 
0.051 
0.205 
0.287 



WRITTEN 



N 


DIP 


REL 


Z 


51 


0.765 


0.280 


. 0 


51 


0.353 


0.339 


-1.4 


51 ' 


0.725 


0.282 


-1.72* 


51 


0.784 


0.316 


-1.64 


51 


0.863 


0.090 


-1.32 


51 


0.569 


0.347 


-0.81 


51 


0.549 


0.347 


-1.85* 


51 


0.725 


0.229 


-1.45 


51 


0.294 


0.114 


-1.44- 


51 


0.627 


0.110 


-0.63 


51 


0.471 


0.302 


-3.06* 


51 


0.294 


0.055 


-0.64 


51 


0.784 


0.197 


-1.05 


51 


0.549 


0.114 


-3.48* 


51 


0.588 


0.339 


-1.03 


51 


0.627 


0.312 


-1.28 


51 


0.725 


0.342 


-0.94 


51 


0.843 


-0.056 


-0.26 


51 


0.6?7 


.0.369 


-1.74* 


49 


0.^. • 


0.124 


-3.82* 



» significant at the 0.05 level 
critical z-score = +/- 1.65 
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difference, only Item 3 vvas considered a poor discriminator 
(Table' III). Therefore it was not considered a good item to 
yield Information at thf^ dijtracter level* 

Items 7, 11, 1^, 1.9 and 20 were further' analysed by 
looking at the percent distribution of people answering 
each distracter in both treatment groups. These data are 
presented in Tables V and VI* Shown for each group and each 
item are the nui.iber of people answering each item, the 
.difficulty indices, and the; proportion of students choosing 
each distracter. The latter can be considered the 
^percentage distribution of student answers, if multiplied 
by 100. Also shown in these tables are the average total 
test scores of the people choosing each distracter. The 
.mean scores are presented only for reference and not for 
comparative purposes. These means were transformed to 
standard z-scores having a normal distribution and a mean 
of zero, useful for relative comparisions between groups. 
The z-scores are useful for determining the distribution 
about the mean or the achievement level (based on 
Photophosphorylation test scores) of the students choosing 
each distracter. It must be kept in mind .that the z--scores 
are useful for relative comparisons between groups, but not 
for absolute comparisons. The correct answers are indicated 
in the tables; for all items presented here, the correct 
answers were all chosen by the greatest proportion of 
students In each group. 

An examination of the distracters of item 7 reveals 
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that 27? of the V/ group tended to choose dlstracter B 
(Table V), compared to 12% choosing B In the CAI group. 
The z-scores of Item 7 (Table V) indicate that the people 
choosing fhe correct answer In the W group generally scored 
higher on the test (z=0*^6) relative to each other, than 
did the CAI group (2=0.02) • Even though 14 people in the W 
group chose dlstracter B, the people who did, scored lower 
on the test (z^-0. 75) relative to others in the Wv group, 
than did the 6 people choosing in the CAI group 
(2=-.0-54)- 

Table V reveals a similar pattern for item 11, with a 
higher percentage of people choosing the correct answer E 
in the CAI group (76%) than in the W group {^7%). In the W 
group, 12 people (2^%) also chose dlstracter C. No one in 
the CAI group chose distra^cter B, and the people who did 
choose B in the W group scored low &n the test relative to 
others in the W group (2=-0*75) • The z-sc6res for people in 
both, groups choosing the correct answer were relatively 
close and above the mean. 

A different patterri shows up in item 20 (Table V). One 
person in the CAI group and two in the W group did not 
answer the question. 39 of the students in the C group 
{78%) chose the correct answer, whereas the distribution — :^ 
for the W group was spread between distracters A, B and C 
{29%, 25% and iil% respectively). No one in the W group 

* 
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Table V. Item statistics for items 11, and 20, as 
calculated for both treatment groups. Shown are the 
Qjc^povtion of students choosing each distracter (A - E) in 
each group, average test score means of the students who 
chose each distracter, N = no., students answering the item^ 
DIP ite.n difficulty index, ^correct answer 



Item 7 


•N 


DIP 


A* 


B 


C 


D 








J J- 




15.20 
0.02 


0.12 

13.30 

-0.54 


0.04 
11.00 
-1.35 


0.12 
14.80 
0\02 


Dlstrib. 
Mean scores 
Z-scores 


WRIT 


51 


0.5119 


■ 0:55 
13.90 
0.46 


0.27 
9.00 
-0.75 


0.02 
8.00 
-1.05 


0.16 
12.10 
-0.17 


Dls. 

Means 
Z 


• 


Item 11 


N 


DIP 


A 


B 


C 


D 


E* 




rn MP 






0. 06 

13.30 
-0.54 


0. 00 
0.00 
0.00 


0.10 

12.60 
-0.54 


0.08 
10.00 

-1.65 


0i76 
15.60 
0.38 


Dis. 

Means 
Z 


WRIT 


51 


0. 171 


0.16 
lO.ilO 
-0.54 


0. 10 

■8.60 
-0.75 


0.21 
10.80 
-0.35 


0 . OH 
15.00 
0.75 


0.47 
14.00 
0.46 


Dis. 

Means 
Z 


Item 20 


N 


DIP 


A 


B 


c». 


D 






COflP 


50 


0.800 


0.04 
10.50 
-1.35 


0. 14 
12.40 
-1.01 


0.78 
15.50 
0.38 


0.02 
12.00 
-1.01 


Dis. 

Z 




WRIT 


19 


0.429 


0.29 
12.10 

-0.17 


0.25 
11.00 
-0-.35 


0.41 
13.00 
0.12 


o.'oo 

0.00 
0.00 


Dis. 

Means 
Z 
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chose distracter D. The z-scores of people choosing the 
correct answer was slightly a^ve the mean (z^O. 12) .. The 
z-score of the C^I ^jxtotrp choosing the correct answer was 
relatively higher than the mean (z=0.38). 
/ The data for item 1^ are presented in Table VI. One 
person in the CAI group did not answer the question. ^45 of 
'50 people^ in the CAI group chose the correct answer B, and 
no one chose either distracter C or D. No one in the W 
group^chose' distracter D either, and nearly as 'many people 
chose distracter A {^\%) as chose the correct answer (55^) 
in this group. The z-score of students choosing the correct 
answer was 0.02 in the CAI group and 0.12 in the V/ group. 

The choice distributions for item 19 (Table VI) show 
that the most people choosing an Incorrect distracter in 
the W group chose distracter A (16;{), whereas the *same 
proportion of students in the CAI group .chose distracter C. 
The remainder of the peopl 3 not choosing the correct 
answer, was somewhat evenly distributed between dlstracters 
B and C in the W group. The z-s^or*e for the correct answer 
in the W group (O.^ie) is much higher than that for the CAI 
group (0.02). 

In addition tb statistical analyses, a few personal 
• rvatlons were made. The students w^rt^ not asked to 
record how long it took them to complete the module; 
nowever, I found that it\took most of th*^ii approximately 30 
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Table VI. Item statistics for items 14 and 19, as 
calei^lated for both treatment groups. Shown are thef 
tproporv^lon of students choosing each distracter (A - D) in 
each gro^p, .average test score means of the students who 
c'hose each distracter, z-scorcs of^ each mean score, N = no. 
'students ahswfering each item, DIP - item difficulty index, 
^correct answer 















• 




Item m 


N 


" DIP 


A 


B» 


C 


D' . 

4 




COMP 


50 


0.863 


'0.12 
11.70 
-1.01 


0.86 
15.30 
0.02 


o.oo' 

0.00 
0.00 


. 0.00 
0.00 
0.00 


Dlstrib. 
Mean scores 
2 


WRIT 


51 


0.5^9 


t 

O.iJl 
11.20 
-0.35 


0.55 
12.70 
0.12 

• 


.0.04 

14.50 

0.75 


\o.oo , 

0.00 
0.0.0 


Dls. 

Means 
Z 


Item 19 


N 


DIP 


. A 


B 


c- 






COMP 


51 


0.78^1 


0.02 
12.00 
-1.01 


0.04 
13.00 
-0.54 


0.16 
13.00 

-0.54 


0.78 
15.30 

0.02 


.Dls. 
Means 
Z ^ 


'T 


51 


0.627 


0.16 
11.00 

-0.35 


0.10 
7.cJ 
-1.35 


' 0.12 
9.30 
-0.75 


0.63' 
H . ftO 
. .46 


Dls. 

Means 

Z 



48 




minutes to run the computer program. Generally people 
reading tne written version took less than 30 minutes. 
Noise in the lab did not seem to distract anyone working on 
the module or taking the quiz; it was kept relatively 
quiet. All of the labs seemed to react cooperatively to the 
evaluation^ except a handful oT people in the Thursday 
evening and Friday afternoon labs who expressed the desire 
to leav^ the lab as soon as possible. Uo one seemed to have 
any problems with the programs and everything else ran 
smoothly. In the two labs that I taught, I received many 
positive comments about both forms of media to the effect 
that students felt they had learned pho^tophosphoryTation 
better than the first time they attempted to learn it. 
Overall, the general attitude toward the evaluation of the 
lecture Instructor, graduate teaching assistants and 
students involved was positive during, and after the ' 
evaluation. 
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DISCUSSION 



After .analyzing the statistical and item analyses 
data, certain conclusions can be made regarding the 
question: ''do differences in learning result from the use 
of CAI or written material?" This question is basically 
answered by the rejection of the ANOVA hypothesis, no 
effect of media on achievement scores, at the 0.01 level 
(Table I). Thus the computer group mean score of 14.8 was 
significantly greater than the 12.16 mean of the written 
group. This must be considered cautiously, as the KR-20 
value for the test was 0.666, and 0.5 is considered low 
(Ahman and Glock, 198I). Despite the reliability of the 
test, however, some items showed a significant difference 
between groups. One would expect that if the test was 

u 

modified and made more reliable, the differences between 
CAI and W group scores would be even more significant. 

A look at the c?ass statistics (Appendix H) reveals 
that this difference can not really. be attributed to more 
biology/forestry majors (people who may have been 

. iously exposed ^to photophosphoryla* 1 ^ ^1 ' in one group 
* 'ian the other. There are also no other imbalances between 
the two groups due to the random experirrit*ntal design. A 
further Investigation of why these differences exist must 

\ 
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be made by analyzing the item analyses data. 
« 

Use of ANOVA also showed that there was a significant 
difference between the mean scores of the^ab work first 
(12.76) and module first (14,2) groups (Table I). Again, I 
do not fet?i that this difference was caused by excessive 
imbalances of different individuals ..in the class. The 
factor which I would expect to cause this difference would 
be an excessive number of people from lab sections 3 and 5 
In the lab-first group, but sections were basically evenly 
distributed. Since it was these sections in which I noticed 
anxiety about getting out of lab, I anticipated that these 
sections would rush through the evaluation. Perhaps this 
happened, but due to the experimental design it had little 
noticeable effect . 

A further analysis of the ANOVA results revealed an 
interaction effect between the media and order of task 
completion. Duncan's Nsw Multiple Range test pinpointed the 
Interaction to the written group only (Table II)* The mean 
scores of the CL and CM groups were equal at the 0.05 and 
0.01 levels, with the WM and WL means not equal to each 
other or the CAI group at 0.05. At the 0.01 level, only the 
WL mean was significantly different from the mean. This 
^rnrlies that the ordei: of task completion affected student 
^ichlevement , if students learned using the written 
material. It api^jSars as if task order bt^^^if ically affects 
achievement if the written material is done after the lab 



work^ This could be due to fatigue after doing the lab 
work, however the CL group would^ have also been affected In 
this manner. The CL mean score did not Indicate thls» 

I believe the explanation lies In student motivation. 
According to Bernard (1965) motivation is provided by 
rewards, knowledge of progress and novelty. Por-^one thing 
the program may have been considered more novel than the 
written version, eVen though the majority of students had 
used CAI throughout the previous, month (Appendix I). I got 
this feeling from those people who had been assigned to 
read the written version, many of whom seemed openly 
disappointed (expressed with comments ^tc. ) when they 
discovered they were assigned to read the written version. 
This, and the ^ fact that I felt that students were starting 
to tire of CAI programs, worried me at the time. However, I 
did not observe that type of open disappointment in the 
computer ^oup. Knowledge of progress was provided in both 
the computer and written versions by informing students of 
the correct ansv/ers to questions imbedded in the module. 
The big difference between the two was in terms of rewards, 
student responses could not be evaluated nor praised, etc. 
In the written version* These factors seemed to decrease 
motivation for the W group, thus affecting their learning 
and resultant achievement. 

Even luore specifically I feel that the students who 
r ' i i the written version after their lab work, became bored 



with the material more ^than the students who read it before 
the lab work. Also, by the time these students were ready 
to take the test they were probably anxious to leave, 
perhaps causing them to rush through the test questions. 
Even though these postulations may be ^based on subjective 
observation, I feel that motivation aad boredom were 
factors in causing this difference between the WL group, and 
the other three groups. The purpose of assigning lab-first 
and module-first groups was strictly for randomization, 
therefore, with this analysis aside I will focus on the 
differences between the computer and written version 
groups. 

If differing group achievement can be attributable to / 

certain features of either medium, this may be detected by 

analyzing group responses to individual items. It is the 

d Istra^ter/s tern (question) quality which makes the ten 

questions marked in Table III, good discriminators. 

Basically the z-score means associated with the distracters 

of these items were all negative numbers, with a positive 

z-score being associated with the correct choice. Thus 

* 

people who generally scored low on the test had a difficult 
time distinguishing the incorrect distracters from the 
correct answer. This means the distracters seemed plausible 
to students who did not possess the knowledge to answer the 
question. This is the sign of. a multiple choice item v?hich 
i\4:!ctions well with the test; it does a i^/>od job of 
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distinguishing those who know the material from thoge who 
do not (Ahmann and Glock, 198I), Thus it is best to examine 
these items to determine where the group learning 
differences lie. The other Items did not function as well 
on this teifet, therefore they may Vead to false assumptions. 

An attempt was made. -to determine why different numbers 
of people with differing test achievement levels chose 
certain distracters in items 7, 11, 20, lH and 19. The 
choice distributions for item 7 (reproduced below) seamed 
to indicate that the students in the W group had a hard 
time determining whether 1 or 2 electrons were needed to 
form 1 NADPH, since most of them chose distracters A and B 
(Table V). 
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^* Jlr^SUnoS f'ollowing is needed to form a molecule 
of NADPH from NADP+? ,. 

>A, 2 electrons, 1 H+ 
, 1 electrons, 1 H+ 

C. 1 electrons, 2 H+ 

D. 2 electrons, 2 H+ 

(?rote: distracters B and C used improper gra.omar, however 
this should have affected all groups equally, if at all; > 
indicates the correct answer. ) 

I believe that the simulated movement of electrons and 
H+ from water to KADP+, helped create an image In the minds 
of the CAI group individuals. The W grou^.., however, had to 
rely totally on recall of verbal Information, as nothing in 
ihM illustrations indicated the number of electrons needed 



to form NADPH. Duchastel 'C1978) reported that illustrations 
can teach by shov/lng, and soiae times they can be more 
important in this respect than verbal descriptions. In 
additio.., psychologists believe that learning with 
illustratltons can facilitate later retrieval from memory 
(Paivio, 1975)* 1 believe that the animated movement of 
electrons etc. on the monitor, and user control of each 
reaction, helped focus student attention on the critical 
points which were stressed in the text.^This seemed to 
facilitate learning in the CAI group. The written version 
simply referred to the pathway illustration; lack of more 
involved pictorial information may have caused the V/ group 
to rely more on what they acquired from the text, to answer 
item ?• This is not to say that retention was improved in 
either group; investigation of this possibility is beyond 
the scope of this study. 

It seems that mainly those people who scored high on 
the test in the W group, chose the Qorrect answer to item 
7. V/hereas, in the CAI group, either students who answered 
correctly had scored near the mean, or they were widely 
distributed about the mean, resulting in a z-score of 0.02. 
According to Koran et al. (1980), low ability students 
benefit the most from cues which .enable them to 
1 1 r. criminate relevant from irrelevant information (such as 
tne electron moving around the pathway)* Thus low ability 
students may have learned the material by focusing on the 
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cues, and the higher ability students learned it from the 
text (as in the W group), such that many students of all 
levels could answer item 7 correctly in the CAI group. If 
this is true, The combination of text with simulation could 
be a powerful tool In the classroom. 

Item 11 (reproduced below) resulted in a large 
difference irr(flf f iculty^Trn^ices between the CAI and W 
groups (7655 (and Ht^ /f^spectlvHy) . 

11. Which of the following is Vssociated with the 
cyclic pathway of photophos\phorylation? 

' A. Q (plastoquinone) 

B. P680. 

C. NADP+ 

D. H+ 
>,E. ADP 

The distribution of responses was more widely 
distributed among the Incorrect distracters in the W group 
than in the CAI group (Table V). Thus It seems that many of 
the W group could not distinguish the correct answer, 
whereas the distracters must have seemed more obviously 
incorrect to most of the CAI group. The CAI group even 
totally eliminated distracter B as a possible choice. It 

, -ears that the major problem in the W group, was 
!-jniembering whether ADP or NADP+ was th..- product of the 
cyclic pathway. 

Again, I feel that this Is related to the animation of 
the pathway, i.e. the computer version simulated an. 
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electron cyclins ^around the cyclic pathway, thus producing 
ATP from ADP, Especially important here is the animated 
movement of ATP off of the video screen, thus simulating 
its use in the dark reactions. The ^pathway illustration in 
the written version merely showed a curved arrow with ADP 
producing ATP as a branch of the pathway* Those people in 
the W group who chose C seem to have been misled in 

their learning, perhaps by seeing NADP+ printed next to 
fer redox in, appearing as if it were part of the cyclic 
pathway (page D4, Appendix D), Those W group students may 
have recalled the pictorial relationship instead of the 
text description. This seems odd, as it was stressed in the 
text, that NADP+ must be lacking in order for the cyclic 
pathway to function. Thus it seems as if some of theW 
group students did not pay attention to, or -remember, what' 
was in the text* Again, the students wjio seemed to have had 
this problem were those below the mean (2=-0.35)» 

Due to the CAI group z-score of 0.38 f^or the correct 
answer to item II, I feel that this item relied on a 
different type of learning' than did item 7. Since item 11 
required broader knowledge (all components of the cyclic 
pathway) than item 7 (number of electrons and H+ ions 
needed to form N^ADPH) , it seems that cues may not have 
played as big a role in item 11, Cues only aid in obtaining 
i?it .rmation directly from a cue, and dn t>ot produce general 
tcanning behavior to pick up incidental Information 
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(Kauchak et al»,1978)» Therefore, I feel this resulted in 
fewer "low achievers" answering correctli^ in the CAI group^ 
as had in Item 7 > thus the a-score was relatively higher 
(0#38 vs. 0*02) for the correct answer. Since no one 
specific cue could have provided a learner with all of the 
information necessary to answer this question correctly, 
some of the low ability learners were not as apt to learn 
or remember the pertinent^ information. 

Item 20 (reproduced below) is the only one of the five 
items being discussed here^ which was a higher level 
question. That is, it was not based on simple recall of 
knowledge, it also required some application of that 
knowledge. By recalling that the exciting of P680 by light 
causes water to split, and that NADP+ requires two 
hydrogens from water to form NADPH, one can apply this 
knowledge to answering the question. 

20. How many times does a molecule of P680 (PS II) 
need to be activated by light to produce one 
molecule of NAPDH? 

A. 0 (P680) is no', involved in producing NADPH) 

B. 1 time 

>C. 2 times ' 
D* 4 times 

In addition to the fact that the proportion of 
3tu<lents getting this item correct in the CAI group (7835) 
wri3 almost twice that of the W group {hl7^) ^ two people In 
the W group did not answer the question (Table V)* This 

/ 

58 



seems to imply that the W group, on the whole, found item 
20 difficult* Another indicator of this fact is that the 
proportion of students choosing distracters A and B were 
nearly equal {29% and 2555 respectively) and near that of 
the correot answer {^1%) in the W group. The proportions in 
the CAI group were again distributed similarly to those in 
item 11. 

The W group could, only answer this item on the basis 
of verbal information, as the printed illustration in no 
way indicated how many times P680 is activated by ligKfcv-^ 
The computer version, however, simulated light activating 
P680 twice, before one molecule of NADPH forms* Since the 
choice distributions seem to indicate that many of the W 
group students were answering the question based on 
intuition, instead of knowledge, perhaps they ruled out 
distracter D just because it seemed unlikely. Thus it 
appears that the W group either 1) did not learn -the 
material necessary to answer this question, due to 
insufficient illustrations or 2) written material does a 
poor job of teaching concepts at a higher learning level ♦ 
However, the latter is a broad conclusion to draw based on 
the results of one item, despite past findings that CAI can 
{ mvh higher level concepts that books often can not (Bork, 
1981). 

Item 1^1 (reproduced below) also had a wide spread in 
difficulty indices {SS%^ vs. 55%) y and again the material 
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was presented in different ways in each medium* 



1^. Based on the equation given in the module, how . 
many electrons (total) can one molecule of 
water contribute to photophosphorylation? ^ 

A* 1 
>B. 2 
C. 3 
D- H 

The computer program cued on water every time its two 
electrons had both been donated to P680, by reprinting the 
complete equation for the splitting of water, next to the 
water/ molecule. This animation and repetition seemed to aid 
learning in the CAI group. The W group, however, had ^to 
rely on learning it from the^equation printed beneath the 
pathway illustration. Perhaps this difference caused the 21 
W group students to choose distracter A. This item 
functioned as did item 7^ in the respect that the CAI group 
z-score of those people correctly answering both items was 
0.02. Since both questions relate to numbers of electrons, 
I again feel that the specific cue used in the computer 
program to illustrai:i^ "^this point may have aided learning in 
the "low achievers." Again, perhaps students in higher 
achievement levels acquired the information from the text. 
Thus a broad range of students (test score-wise) answered 
the question correctly. 

Finally, an examination of item 19 (reproduced below) 
provides little conclusive evidence. The difficulty indices 
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of the two groups did not vary much, but were significantly 
different (Table VI)., 

19. Which of the following correctly describes the 
sequence followed by electrons which leave P680 
{?S ID? 

A. cytochromes, Q (plastoquinone) , P700 

B. P700, Q, cytochromes 

C. cytochromes, P700, Q 

>D. Q, cytochromes, P700 ^ 

The text of bot'h media stcje^'S'^e order "followed by 
electrons, in step-by-step 'descripti(]ins_. The only way for a 
student to put it together, is to watch the pathway 
simulation' in the program or look at the pathway 
illustration in the written version. The only advantage had 
by the CAI group was that of seeing each step animated. 

The z-scores for each distracter of item 19, in both 
groups, show a similar pattern to those in item 7. 
Especially in that z = 0.02 in the CAI group and O.^S in 
the W tsroup for the correct anuwer. Since this item was 
rather broad, as was item 11, I feel that' 9ues may have 
been less significant here also, with animation and 
direction of movement being the keys.^ 

The' general "conclusion to be drawn from the analysis 
of these items, is that the illustrations in each type of 
media formed the root of the learning differences between 
r,{,M groups. Paivio (1969) suggests that, the ef f e'ctiveness* 
of pictures may be due to the possiblity tj>4t pictures are 
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encoded in both verbal/ and, non-verbal storage, with 
r'?trleval from both s'tores being possible. It is my feeling 
that the computer program offered illu9t>ratio.ns far 
superior in usefulness (in terms of leacning) and quality 
than the-vrritten version. For one thing, there was ^n 
illustration on nearly every page. The W group received few 
illustrations and were offered text dis-cussions of things 
which were not c illustrated. Researchers have proven that 
providing a learnet: with relevant pictures during a 
learning session facilitates science learning (Holliday, 
1975; Rigney and Lutz, 1976). For another "thing, the CAI 
pictures were sharp and appealing, with animation \o create 
interest aiid focus at^tention on aspects discussed in the 
text. There we"^e only four summary diagrams presented in 
the written version, placed. at the beginning of each major** 
section* Thus readers had to rely on their own motivation 
to flip the pages back and forth to reinforce what they had; 
Just read in the text. This is a common malady of text-- 
books, In that it is often too expensive to incorporate a 
profuse amount of quality illustrations throughout the 
text. ^ 

Questions incorporated inta the modules may/have also 
played a big role. Questions are supposed to keep the ^ 
student thinking and provide regular relnf orcemen^t. 
However,, the necessity, of having to search out the answers 
may have stifled the usefulness of the questions, as W 



-group students may have skipped looking at the answers, or 
even skipped the question's. With this in mind, it seems 
that module questions could have played a role In 
increasir\g the achievement of the CAI group. This may be a 
key to it«mN7, in which W group students had trouble 
determining if one or two electrons ai^ used to form NADPH. 
A (question In the module specifically asks where the second 
electron comes from. Perhaps many W group- students did not 
attempt to answer this question. 'There were also questions 
dealing with P680's involvement in the cyclic pathway, and 
with the number of hydrogen ions needed to form NADPH. The 
point is that much pertinent information was given In each 
module as a result of students attempting to answer each 
question. However, such information was presented JLn the 
appendix of the written version. If it had been placed in 
the text It v;ould have revealed the answers to the 
questions. If individuals in the W group never turned to 
the back '-^af^e for the answers they missed information 
needeci' to fulfill the learning objectives. Even though the 
CAI group could press return to pass the explana'tions which 
followed ,the questions, the material was easily accessed 
re(}uire'i less effort to examine than i^^d the written 
■'.planations. Also, sxiudents in the wrl^* n^group may have 
had the impression that information In the appendix was 
supplemental and noc necessary for an understanding of the 
material. 
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An\?ther difference between the GAI and written version 
^4>Aastions dealt with their wording* Many of the questions 
In the computer version relied on action that had Just 
occurred on the screen. Th^ equivalent written version 
questi^s were worded such that the learner was told to 
assumf^ that a particular action had just occurred. This 
could have curbed the learning effectiveness ^^the written 
version questions relative to the computer questions, for 
often students did not have as much to go on when answering 
them. Thus they may have had a hard time answering them 
correctly. Students in the written group may have become 
more discouraged with the, questions than students in the 
computer group. This may have influenced the W group 
students to skip questions. This tends, to be another 
problem commonly associated with textbooks; most books have 
to rely on student imagination to set the scene for 
questions. There is nothing wrong with this, but one can 
not be sure whether one is testing the student's 
understanding of the material or his/her imaginative 
ability. This is also a bias in the way the written version 
was developed; It was copied from the CAI program to make 
the two forms of media equivalent. The written version may 

been a better teaching tool had 1* b^^cn developed 
Independently of the CAI version. 

Finally, the W group received relatl<7e.-y few cues 
throughout the module. They had to rely on their own 
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Interest to look at, nonetiieless analyze, specific portions 
of the diagrams* In a study done by Kauchik et al. (1978), 
the use of cues tn learning was tested on 4th - 6th 
graders* Three groups of students were all given a written 
descripticki of a plant growth experiment and a graph of the 
results* Each group received either a specific cue^ a 
general cue or no cue about the graph* Groups were then 
tested with questions related to the cue, questions 
incidental to the cue and general questions* The cued group 
did the best, but only on the cue-relatgd questions* A 
similar study by Koran et al* (1980) dealt with high school 
students who were given cued and non-cued slides of 
monocots and dicots to study* The cued students achieved 
higher posttest scores than the non-cued. I feel that a 
similar thing happened in this study* Certain questions 
certainly dealt with information which was specifically 
cued in the computer module, and not cued in, the written 
version* Thus a difference in learning was evidenced by 
significant differences in difficulty indices between the 
two groups, for those questions* I feel that the questions 
which did not yield significant differences in difficulty 
indices between the two groups were either poorly 
iri'^tioning questions and/qj? they did not require 
Information which waa accentuated by cues, animation or 
module questions, to be correctly answer^^u 

A look at the item analyses for items 2, 6, 10, 15 and 
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16 (good discriminators but did not show a significant 
difference between groups) re^^ls llmitea differences in 
the proportion of students choosing each distracter, ^ . 
between groups. None of -these questions address the same 
inf ornatiOTi; only questions 15 and I6 touch the same 
objective, but deal with different pathways. Of these, item 
6 is the only one which may have been accentuated by 
animation in the CAI version. The information needed to 
answer the other items was not reinforced by cues etc. in 
the CAI version any more than it was in the written 
version. This seems to substantiate the idea that the items 
which were not significantly different between groups, did 
not rely on information which was highlighted by cues etc. 
in the CAI version. 
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SUMMARY and CONCLUSIONS 

A CAJ program presenting photophosphorylatlon atVthe 

level of i^eneral college biology was developed* From this, 

a printed version was made, almost verbatim. Af ter uslng"^ ' 

either the computer module or tlie written version In a 

» * » 

laboratory environment, all students were test<=j using the 
same multiple choice ob-jective test* The test results 
yielded certain conclusions about learning via CAI and 
text* On the v/hole it can be Inferred that CAI Induces 
better learning in students than written material, when 
teaching photophosphorylatlon, as measured by the test 
employed. This may also be true when teaching other 
biological pathways which lend themselves to animation. It 
was also concluded that, of all treatment groups, the 
students reading the written version after the lab work 
showed the poorest achievement. Thus, text which is 
modelled after CAI material and implemented directly after 
lab work, may reduce the ability of the material to induce 
learning. 

Ten of the 20 questions were dete )' : to be good *, 
disorlinlnators , and 5 of these showed a rU^nlf leant ^ . 
difference in correct responses between the computer and 
written version groups. Ideally all questions on the test 
should have been good discriminators for the purposes of 
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this evaluation. From analyzing these selected items at the 
distracter level, certain inferences about learning were 
made* It 'appears that illustrations can provide a learning 
advantage in use with certain topics; generally they prove 
to be motit useful when presented with a verbal 
description. More specifically, animated pictures served to 
promote higher test achievement in this study. Those 
questions which relied oh information which had to be 
obtained from illustrations, resulted in higher achievement 
in the CAI group than in the W group. The major difference 
between the Illustrations injthese two media was the 
animation of the computer veJrslon. 

Cues in the lllustration^/^-al^^ioJ play an 

important role. They were prevalent In the- CAI program, and 
many of the questions which showed significant differences 
between groups dealt with topics which had been cued in* the 
program but not in the written version. Also, those 
luestions which seemed to rely on cues revealed a trend in 
z-scores for >the correct answers. Based on student scores 
on this test, it seems that cues tend to aid learning in 
low achievers more than In high achievers. 

Finally, the use of intermittant questions in the text 
of 'both modules seemed to be more useful in the CAI 
material than In the written version. Test questions which 
dealt with material that had been previously covered by 
■ It. cat Ions In the module, resulted In a h!,;her proportion of 
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correct answers in the CAI group than in the W group. This 
suiSgests that perhaps questions are passed over in written 
material and Important Information is missed, whereas this 
is not .eijisy to do with CAI material. Students reading the 
written m<iifcerial may* suffer from decreased motivation to 
learn as a result of skipping questions; it has been proven 
that intermittant questions in the text can provide 
motivation. 

It is important to note that the importance of cues,,. - 
animation and effective questions can not be generalized to 
encompass all tutorial/simulation CAI programs. However, 
the learning differences betv/een the CAI and written 
version groups in this specific study, as indicated by 
objective test scores, were mainly attributed to these 
factors. To test the application of the major inferences 
made here to other CAI and written material, further 
research is needed. The importance that simulation or 
animation plays in learning is of prime consideration. Both 
still and animated pathways could be presented to groups in 
the form of CAI. These situations could include or lack 
text descriptions and include or lack cues. It would also 
be interesting to test whether learning was. , affected by the 
lecture and reading assignment prior to the evaluation* It 
ip Important in such studies to use and revise the test to 
bo used as the evaluation Instrument, a number of times 
with th-e guidance of item analyses. This helps to insure a 




high test reliabili.ty and good discriminating questions 
which can be utilized to acquire rellable*'inf ormation. 

Finally, continu^lng development and research need to 
go into other forms media and instruction. Even though 
this studi^t^^ resulted in certain conclusions pertaining to 
the teaching functions of CAI and written material, it is 
Important to note that the influences of lab work, lecture, 
previous readings, etc. can not be sorted out from what was 
learned from the module. Perhaps CAI functions best with 
text supplements prior to use. Just as other forms of media 
work best with certain types of information, perhaps CAI is 
useful only for teaching certain concepts. To continue 
effectively stimulating learning, all forms of media and 
teaching raust be constantly improved, in order to meet new 
challenges and the needs of new students. 
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Appendix A 



• Photophosphorylation Dlskett 




Attached to the following page Is a 16 sector diskette 
created for use on an Apple II Plus Microcomputer.' It 
contains all BASIC subprograms which constitute the 
educational program entitled Photophosphorylation. 
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Appendix B 



Photophosphorylation Subprogram Listings 



The following BASIC program listings comprise the 
educational program entitled Photophosphorylation. Tha^ 
subprograms (page numbers in parentheses) in order are 
Photophos 1 (B2), Photophos 1.5 (B7), Photophos 2 (813), 
Photophos 3. (B21), Photophos 4 (B27)and Photophos 5 (B33) 



Bl 
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IDd GOTO 200 
11& POKE 103*1 
120 CrtLL 1002 
130 CfiLL 6144 

140 PRIHT cms <lb-: IHPIJT "PLEhSE 00N''T PRESS PRESET 
• > DURING THIS PRuGRPiHi PPESS RETURN, 
> TO RESTART THIS RrtRT OF THE PROGRPlH. . . " 

280 REM THIS PRuGRhH WrtS DE'.'ELOPED BY THE SUM IT I COURSEHhRE DEUELOPHEUT 
PROJECT, DEPrtRTtlENT OF BIOLOGICAL SCIENCES, . HICHIGflN TECHNOLOGICAL U 

NIUERSITV, HOUGHTON, HI 4S.S31 
210. REM THIS NHTERIflL IS BflSED UPON HORK SUPPORTED BV THE NPlTIONflL SCIEN 

CE FOUMDrtTlOU UNDER GRANT NUMBER SED-79 19051 
220 REM HNV OPINIONS, FINDING^,, HND CUNCLUSIONS OR RECOHMENOfiTIONS EXPRE 

SSED IN THIS PUBLIChTTON PiRE THOSE OF THE AUTHORS PiND DO NOT NECESSPIR 

ILV REFLECT THE '.'lEHS OF THE NfiTIONfiL SCIENCE FOUNOflTION- 
-230 REM SUBPROGRAM- ■:. PHOTOPHOS 1 0 F PHOTOPHOSf 'HORVLHTIOH 

240 REM BhSEO OH PUBLIChTIGNS "BV STRVER C ',381 > PiMD LEHNINGER C1975> 
250 REM DESIGNED BV ChTHERINE LEElE 
260 REM PROGRhHHED BV CATHERINE LEECE 
270 REM INTITIfiLIZE UPiRIfiBLES 
280 U3$ = CHR* (.16>: PRINT U3$ 
290 PRINT C.HR$ (.26.^; CHR$ ii2> 
300 REM HflIN PROGRAM 

310 UTfiB 3:.HTHeU4.J: PRINT "INTRODUCTION 

u 

320 UTPlB 6: PRINT " PHOTOSVMTHESIS IS THE CONUERSION OF LIGHT ENER6V T 
0 CHEHICPIL ENERGV WITHIN PiPLhNT. THE REACTIONS INUOLUED TAKE PLA 
CE IN THO STAGES.": GOSUB 1190 
330 OTflB 1: HTPB >■ L2>: PRINT "LIGHT REACTIONS" 
? 340 UTAB 4: PRINT " BASICALLY, IN THE FIRST STAGE, LIGHT ENERGV IS USED 
TO CONUERT ADP 
TO ATP 

TO PROUIDE THE PLANT NITH USilBLE ENERGV. ' ALSO, WADP 
+ IS CONUERTED TO NADPH ^ 

TO PROUIDE THE HYDROGEN AND ELECTRONS" \ 
350 PRINT "NEEDED TO REDUCE CO 

IDO TO CARBOHYDRATES. THESE REACTIONS REQUIRE i-IGHT, THUS THEYARE CALLED 

THE LIGHT FEhCTIONS 
DF ' PHOTOSVNTHESISi pR PHOTOPHOSPHORVLATION 
.": GOSUB 1190 

360 -I'TAB 1: HTAB a2.': PRINT "DARK REACTIONS" 

370 UTAB 4: PRINT " IN THE ■SECOND STAGE, THE ENERGV PRODUCTS OF TH 

E LIGHT REACTIONS ARE USED TO CONUERT CARBON DIOXIDE TO CAR 
BOHVDRPTES. PLANTS STORE ENERGV IN C 

380 PRINT "THE FuRM uF lARBOHYDRATES. THE REACTIOMSOF THE , SECOND STAGE^DO 
' NOT REQUIRE LIGHT, THUS THEY ARE CALLED THE DARi: 

390 PRINT "REACTIONS 
OF PHOTOSYNTHESIS; THEY ACTUALLY TAKE PLACE UNDER LIGHT AND 

DARKCONDITIONS. '•: GOSUB 1190 
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400 UTfiB'4: INPUT "PRESS < RETURN 

> TO SEE ft SlHULrtTIOr^ OF PHOTOSVNTHETIC PRODUCTS BEIHG FORMED AND USE 
410 GOTO 570 

420 UTflB 1: HThB (12,': PRINT "KEEP IN MIND...": UTflB 4: HTfiB <l): PRINT " 
EUEN THOUGH PPODUCTS APPEPRED TO FORHONE HT H TIME IN THE SIMULfiTI 

ON VOU JUSTbHH, THESE AND OTHtR REACTIONS OCCUR SIMULTRNEOUSLV IN 

THE PLPIHT CELL. 
425 GOSUB 1190 

430 UTRB 1: HThB', 14,-: PRINT "CHLOROPLflSTS" 

440 UTflB 4: PRINT " PHOTOSVNTHE§I& TAKES PLACE IN HIGHLV SPECIALIZED OR 
GANELLES, THE CHLOROPLPlSTSOR CHLOROPLflSTIDS. CHLOROPLflSTS ARE FOU 
NO IN ALL HIGHER PLANTS, BRVOPHVTES" 

450 PRINT "AND MOST ALbftE. CHLOROPLASTS EXIST IN THE CVTOPLASM OF PHOTO 
^SVNTHETIC CELLS, SUCH flS LEAF CELLS. THE DARK AND LIGHT" 

455 PRINT " ^ 

REACTIONS OiXUR IM ALL CHLOROPLflSTS, BUTEflCH OCCURS IN fl DIFFERENT LOCflTIO 
N INSIDE THE ORGANELLE.": GOSUB 1190 

460 UTAB 1: HTAB n3): PRINT "CHLOROPHVLL" 

470 UTflB 4: PRINT " THE PIGMENT CHLOROPHVLL IS FOUND IN CHLOROPLASTS. 
IT EXISTS IN HANV FjDRHS HH^CH DIFFER IN THEIR STRUCTURE AND THE NfiU 
ELENGTH OF LIGHT THEV ABSORB. THE LEflUES OF MANV PLANTS ARE GREEN 
BECAUSE" 

480 PRINT "THEV CONTAIN HIGH AMOUNTS OF CHLOROPHVLLRELRT lUE TO OTHER PI6H 
ENTS. CHLOROPHVLL ABSORBS UIOLET, BLUE AND RED LIGHT AND REFLECTS, 0 
R TRANSMITS, GREEN LIGHT.": GOSUB 1190 
490 UTflB 1: HTAB 'A2): PRINT "PIGMENT SYSTEMS" 
- 500 UTflB 4: PRINT " CHLOROPHVLL AND OTHER PIGMENTS INUOLUED IN TH 

E LIGHT REACTIONS OF PHOTOSYNTHESIS MAKE UP THO PIGMENT SVS- TEM 

S, THESE SYSTEMS ARE CALLED PIGMENT SYSTEM I AND PIGMENT SYSTEM II 
. THEIR" 

510 PRINT "FUNCTION IS TO ABSORB LIGHT THAT STRIKESTHE LEAF AND CONUERT T 

HE LIGHT TO CHEMICAL ENERGY.": GOSUB 11&3^ 

520 UTAB 4: PRINT " LET'S GO ON AND LOOK AT H SIHUliLATION OF THE PHOTOPH 

OSPHORVLFITIOH PPlTHHflV IN ACTION.": PRINT : PRiNT DON' T EXPECT TO 
UNDERSTAND HHAT'S " 
530 PRINT "HAPPENING ON THE SCREEN JUST YET. THIS IS JUST TO GIUE YOU fi 

FEH-ING FOR THE PATHWAY AS A WHOLE. THEN WE WILL BREAK IT DOWN INT 

0 PARTS TO E: :AMINE WHAT' S HAPPEHIN6 AT THE MOLECULAR LEUEL. " 
540 PRINT : INPUT "HHEN YOU ARE READY TO 80 ON... PRESS <RETURN 
>";A$ 

550. PRINT U3^: PRINT "PLEASE BE PATIENT WHILE THE PROGRAM IS LOADING..." 

: PRINT CHR4-\(.4);"RUN PHOTOPHOS 1.5": END 
560 REM PHOTOSYNtIhESIS SUMMARY SIMULATION 
570 PRINT '.'33- 

580 UTAB 23: HTAB <6): PRINT "** PRESS <ESC 
> KEY TO STOP 

590 UTAB" 20: PRINT CHR$(.22) 

B00 HPLOT 39,30 TO 39,105 TO 9y,105 TO 99,30 TO 39,30: HPLOT 179,30 TO 17 

9,105 TO 239,10ti TO 239,30 TO 179,30 
B10 UTAB 8: HTkB <3,': PRIi.T "LIGHT": HTAB i7>: PRINT "REACTION": UTAB 8: HTAE 

<29): PRINT "DARK": HTAB <27;': PRINT "REACTION" 
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620 .UTfiB 1: HTftB <8): PRINT "LIGHT 

**! UTfiB 16: HTflB < 1'): PRINT "HIOSO" « 

630 FOR U = 1 TO 20 

640 eOSUB 1210: FOR S = 1 TO 2 

650 HPLOT 66.8 TO 66,29 TO 76,24: HPLOT 62,24 TO 66',29 ^ 

660 60SL8 121C 

670 UTf^B 16: HTfiB <i>: PRINT "H1O0O" 

'oc^ ^'^^^ ^''^^0= 150: PRINT "IJBO 21D0 + 2H+ + ICOOIOO" 

pap bUbUB 1^10 ' " 

700 UTfiB 16: HTfiB (l): PRINT "H1O0O" 

710 HCOLOR= 0: HPLOT 66",8 TO 66,29 TO 78,24: HPLOT 62,24 .TO 66,29: HCOLOR= 

?o!I°"m?S\^'^'^^ HTfiB' <9>: PRINT "1D0": HTflB <8>: PRINT " ": GOSUB 

J™ ™ ^^^^^'^ " "= HTfiB ^3): PRINT "IDS" 

730 bUoUB 12^JM: U.ThB .13: HTfiB <9>: PRINT " " 

740 GOSUB 1210: UTPB 16: HTfiB <9>: PRINT " ": UTfiB 15: HTfiB (9): PRINT " 

D0": GOSUB 1240: UTfiB 15: HTfiB <9>: PRINT " ": UTfiB 13: HTfiB (9> PRINT " 

1D0": GOSUB 1230: UTfiB 13: HTfiB C9>: PRINT " " 
750 IF PEEK ( - 16384> = 155 THEN 1160 

M?-oM^'^'^^U?= '-^^^^ HTflB U3>: PRINT " ": 60SUB 

fSuD 'Tt'!-15-.LHP (.13>: PRINT " ": UTfiB 13: HTflB <13>: PRINT "H-*-":. 
GOSUB 1230: UThB 13: HTfiB (.13): PRINT " " 

■ ^ ^rr,lnl: I'TS- ""^^^ ^ ^^^^^^ " ^T^AEl 15: HTfiB <13>: PRINT 

PRINT "H+",- liUbUB lk;3Q: UTfiB 13: HTflB C13>: PRINT " " " ■ 

780 GOSUB 1210: IF PEEK < - 16384) ='155 THEN 1160 
790 NEXT S 

600 UTflB 16: HTfiB (5): PRINT " 

820 FOrV- i'^'tO ^'^^^'^ ^^^^'^ ie0,43 TO 481,43 

B30 UTfiB 5: HTfiB C16>: PRINT "P": GOSUB 1248: UTflB 5: HTflB <16>: PRINT " 

GOSUB 1240: UTflB 5: HTflB (IB;": PRINT "RTP 
GOSUB 1240 • 

840 FOR S = 16 TO 22: UTflB 5: HTflB <S>: PRINT " flTP . 
"s GOSUB 1240: NEXT : UTflB 5: HTfiB (23): PRINT " flT 

"s GOSUB 1240: UTflB 5: HTflB (24): PRINT " fl": GOSUB 1248: UTflB 5- HTfiB (25 
850 IF PEEK ( - 16384;. = 155 THEN 1168 ' 

f?? y!?V-' ^^'^^^ HTfiB (26): PRINT "i": HPLOT 108,83 TO 181,:-:3 

878 Fur T = 1 TO 2: UTflB 10: HTflB (16): PRINT "H": GOSUB 1240: UTflB 10: HTflB 

<L16): PRINT "Py. no. nmo 

": GOSUB 1240: UTflB "lO: HTflB (id): PRINT "DPH 
60SUB 1248:. UTflB 18: HTflB (16); PRINT "flDPH 
GOSUB 124U: UTflB 10: "HTflB (16): PRINT "NflDPH 

880 GOSUB 1240 

898 FOR S = 16 TO 20: UTfiB IQ: HTflB (S): PRINT " NflDPH 
GOSUB 1248: NEXT : UTflB 18: HTflB (21): PRINT " NflDP 
GOSUB 1248: UTflB 18: HTflB (22): PRINT " NflO 
•": GOSUB 1248: UTflB 18: HTflB (23): PRINT " Nfl . 
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900 GOSUe 124&: UTfiB 10: HTfiB <24>: PRINT " N 

910 GOSUB 124^j: UTfiB 10: HTflB C25;: PRINT " ": GOSUB 1240: IF PEEK C - 1 

6384) = 155 THEN 1160 
920 NEXT T 

930 HCOLOR= 0: HPLOT 108,43 TO 181,43: HTfiB <26>: UTfiB 6: PRINT " ": HPLOT 
100,83 TO 131,83: HCOL0R= 3: HTflB (26): UTfiB 11: PRINT " ": HPLOT 179 
,30 TO 179,105 

940 GOSUB 1210 

950 HPLOT 242,0 TO 221,29: HPLOT 170,0 TO 192,29: FOR S = 1 TO 4: HTfiB <2 

9): UTfiB <S): PRINT "CO1O0": IF S = 1 THEN GOSUB 1216: GOTO 970 
960 GOSUB 1240 

970 HTfiB <£9;': UTfiB <S>: PRINT " ": NEXT : HPLOT 179,30 TO 239,30 

980- HCOL0R= 0: HPLOT 242,0 TO 221,29: HPLOT 170^0 TO 192,29: HCOLOR= 3 . 

990 GOSUB 1210: UTfiB 6: HTfiB (15): PRINT "<": HPLOT 97,43 TO 178,43 

1000 FOR Q = 1 TO 3: UTfiB 5: HTflB <25): PRINT "fl": GOSUB 1246: UTflB 5: HTfiB 

<24>: PRINT* "flO": GOSUB 1240: UTfiB 5: HtfiB <23): PRINT "fiOP 
": GOSUB 1240 

10f0 FOR S = 22 lO 16 STEP - 1: UTflB 5: HTflB <S>: PRINT "mP 
": 60SUB 1240: NEXT : UTfiB 5: HTflB (16): PRINT "DP 

": GOSUB 1240: UTfiB 5: HTfiB <16): PRINT "P ": GOSUB 1240: UTfiB 5: HTfiB <1 

6): PRINT " " • . „ 

1020 IF PEEK - 16384> = 155 THEN 1160 
1030 NEXT Q: POSUB 1210 

1040 HThB'U5>: UTfiB 11: PRINT "<": HPLOT 97,83 TO 178,83 

1050 FOR 0 = 1 TO 2 

1060 \JTfiB 10: HTflB <25>r PRINT "N 

"r GOSUB 1240: UTflB 10: HTfiB C24>: PRINT "Nfi • • 

GOSUB 1240: UTflB 18: HTfiB <23): PRINT "NfiO 

GOSUB 1240: UTfiB 18: HTfiB <22): PRINT "NfiDP 

GOSUB 1240: UTflB 10: HTfiB <21>: PRINT "NfiDP 
+": GOSUB 1240 

1070 FOR S = 20 TO 16 STEP - 1: UTflB 10: HTfiB <S>'. PRINT "NfiDP 
+ ": GOSUB 1240: NEXT : UTflB 10: HTflB U6>: PRINT "flDP . 
■H ": GOSUB 1240: UTfiB 10: HTflB < 16>: PRINT "DP 

+ GOSUB 1240: UTfiB 10: HTflB C 16>: PRINT "P+ ": GOSUB 1240: UTflB 10: HTflB 

<16>: PRINT "+ " 
J '^80 GOSUB 1240: UTflB 10: HTfiB <16): PRINT " " 
1090 GOSUB 1240: IF PEEK - 16384) = 155 THEN 1160 
1100 NEXT Q ~ 

1110 HCOL0R= 0: HPLOT 97,43 TO 178,43: HPLOT 97,83 TO 178,83: HCOLOR= 3: UTfiB 
6: HTflB US): PRINT " ": UTflB 11: HTflB (15): PRINT " ": HPLOT 99,30 TO 
99,105 . 

1120 HPLOT 2O=i,106 TO 298,125 TO 212,120: HPLOT 288,125 TO 284,128: UTfiB 
17: HTfiB 1 27.): PRINT "SUGfiR OR": HTflB (28): PRINT "STflRCH": GOSUB 128 
0: GOSUe 1200 

1130 HCnLOR= It: HPLOT 208,186 TO 2v38,125 TO 212,120: HPLOT 288,125 TO 284 
,120: HL0LOR= 3: UTflB 17: HTflB Cd7 >: PRINT " o ": HTflB (28): PRINT 
": bOSUB 1210 
1140 IF PEEI' » - 16384) = 155 THEN 11 60 
1150 NEXT U 

1160 POKE - 16368,0: UTfiB 1: HTflB (8): PRINT "LIGHT 
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60SUR 1268: PRINT CHR$ <25);U3$ 
1170 GOTO 420 

1180 REH PAUSE & PRESS RETURN SUBROUTINES 
1190 UTflB 24: INPUT "PRESS <RETURN 
> TO CONTINUE" ;fl$: PRINT V3$: RETURN 
1208 FOR PfiUSE = 1 TO 1280: NEXT : RETURN 
1210 FOR Pfl = 1 TO 600: NEXT : RETURN 
1220 FOR Pfl = 1 TO 380: NEXT : RETURN 
1230 FOR Pfl = 1 TO 500: NEXT : RETURN 
1240 FOR Pfl = 1 TO 100: NEXT : RETURN 




ioe> GOTO 20a 

lie POKE 103^1 
120 CALL 1002 
130 CftLL 6f44 

140 • PRI'HT CHRJ: (16;.: INPUT "PLEASE DON'T PRESS <RESET 

> DURING THIS PROGRfiH" PRESS <RETURN 

> TO RESTART THIS PART OF THE PROGRAM. "iA$ 

^® ^oan .KJ^ PROC^RflM WAS DEUELOPED BV THE SUMIT I COURSEHAPE OE'.'ELOPMENT 
- NISEi^^,'^,SN! HI ??.^f ^^'^ "^^"^^"^ TECHNOLOGICAL U 

^^^"^ OPINIONS, FINDINGS, AND CONCLUSIONS OR RECOHHENDflTIONS EXPRE 
THIS PUBLICATION fiRE THOSE OF THE AUTHORS AND DO NOT NECESSfiR 
REFLELT THE MIEHS OF THE NATIONAL SCIENCE 'FOUNDATION 
230 REH SUBPROGRAH (PHOTQPHQS l.S y OF PHOTOPHOSPHORVLATJriN 

ocu pSEt?.?!! publications ev STRVER <l£-n> fiND LEHNINGER <1975) 
250 REM DESlHNtD BV CATHERINE LEECE 
260 REM PROGRAMMED BV CATHEF^NE LEECE 
270 REH INTITIfiLIZE UflRIABLEb 
280 V3$ = CHR$ <16>: PRINT U3$::CUE = 8 
290 PRINT CHR$ (;i2> 
380 F$ = " 
IflBE'IJO" 

310 Bt = "1 GHKL HQ" 
320 E$ = "1AJEIB0" 

460 REM MAIN PROSRAH/NON-CVCLIC PATHHAV • 
410 PRINT CHR$ <2e>j CHR$ (12): GOSUB 1296 
420 UTAB 23: HTAB <6>: PRINT "** PRESS <ESC 
> KEV TO STOP 

430 UTAB 14: HTAB (17^: PRINT "LIGHT 

tl 

440 UTAB 17: HTAB (7^': PRINT "HlOQO" 
458 "FOR Q = i TO 40 

4B0 GOSUB 187^: IF PEEK C - 16384> = 155 THEN 1220 

lit HTOD 1?' uI?S ^r:P'' ^^-^^^^ ^^PLOT 150,108 TO 212,131: GOSUB ISFn 

480 UTAB 17: HThB (32;: PRINT "P10230": GOSUB 1870: HCOLOR= 0: HPLOT 150, 

108 TO 212,131: UTAB 17: HTAB (31): PRINT " GOSUB 1880 
490 IF Q = 1 THEN HPLOT 227,67 TO 227,123 
500 HCOLCiR= 3: UTAB 9: HTAB (33): PRINT " ": 60SUB 1889 
510 FOR S = 16 TO 9 STEP - 1: HTAB <32): UTAB S + 1: PRINT " "■ UTAB 

S: HTAB (32): PRINT "PI 0236": GOSUB 1960: NPKT 
528 IF PEEK ( - 16384:» = 155 THEN 122& 

530 UTAB 9: HTwB (32): PRINT " ' ": UTAB 8: HTAB (35): PRINT "P1023fi" 
540 UThB 7: HTflB <36>: PRI.NT "100": GOSUB 1889: UTAB 7: HTAB (36>: PRINT 

'■: UTAB 6: HTfiB (35): PRINT "108": GOSUB 1888: VTAB 6: HTAB i.35): PRINT 

550 UTAB 6: HTflB (34): PRINT "109": GOSUB 1888: UTAB 6: HTfiB (34>- PRINT 

Tool ^^JH^J'- ^^TflB^33): P^INT "1D0": HTAB (35): PRINT "P10230+": GOSUB 
1880: UTHB a: HTAB (33): PRINT "Q" 
560 IF PEEK ( - 16384) = 155 THEN 1220 • 

570 UTflB 8: HTRB (35): PRINT » ": FOR S = 9 TO 17: UTflB 5: HTflB (32): ' 
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' PRINT "P1023^+": 60SUB 1900: IF S < 17 THEN UTflB S: HTflB <32): PRINT 
": NEXT 

588 IF CLE = 2 THEN 638 „ „ ^ 

590 SPEED= 150: UTflB 17: HTflB <7>: PRINT "H1O0O 1JB0 2108 + .1C0O1O0 + 2H+ 

": SPEED= 255 ' ■ ' ' 

600 60SUB 1370 

B10 60SUB 188^: UTflB 17: HTflB <7>: PRINT "H1O0O" 
620 60SUB 1870: GOSUB 1870 

630 IF CUE = 2 THEN UTflB 17: HTfiB (15)s PRINT " ":CUE = 0: GOTO 650 
640 UTflB 17: HTflB <:i4>: PRINT " " . 

650 UTflB 16: HTflB <15): PRINT "1D0":. GOSUB 1888: IF PEEK < - 16384) = 15 

5 THEN 1220 * 
660 GOSUB 1876: GOSUB 1870 

670 FOR S'= 15 TO 35:" UTflB 16: HTflB <3): PRINT " ": UTflB 16: HTflB <>S + 1> 

: PRINT "1D0": GOSUB 1900: NEXT 
680 GOSUB 1830: UTflB 16: HTflB (36): PRINT " ": HTflB (36): PRINT " " 
690 UTflB 7: HTflB (33): PRINT " GOSUB 1908 

700 U = 7: FOR S = 32 TO 11 STEP - 1: HTflB <S): UTflB U: PRINT "IDO": bOSUB 

1900: IF S < > 11 THEN HTflB (S>: UTflB U: PRINT " " 
710 IF PEEK C - 16384) = 155 THEN 1220 

720 IF S < 31 THEN U =8: IF S < 27 THEN U = 9: IF S < 22 THEN U = 10: IF 

S < 17 THEN U = 11: IF S < 13 THEN U 12 
730 NEXT 
740 GOSUB 1880 

750 UTflB 12: HTflB (11): PRINT " HTflB <10): PRINT " ": UTflB 8: HTOB <33 

h PRINT "Q" / 
760 GOSUB 187a 

770 UTflB 12: HTflB <.28): PRINT "flDP 

": GOSUB 1870: GOSUB 1878: UTflB 12: HTflB (22): PRINT "OTP 
** " TflBC 28 )j " " 

780 -GOSUB 1870: FOR S = 22 TO 37: UTflB 12: HTflB (S): PRINT " flTP 
": GOSUB 1900: HE'Al 
790 UTflB 12: HTflB (33): PRINT " AT 
": GOSUB 1900: UTflB' 12: HTflB (39): PRINT " fl 
": GOSUB 1900: UTflB 12: HTflB (48): PRINT " ": GOSUB I860 
800 IF PEEK ( - 16384) = 155 THEN 1220 . 
810 UTflB 12: HTflB (48): PRINT "fl": GOSUB 1900: UTflB 12: HTflB (39): PRINT 
"flD 

": GOSUB 1900: UTflB 12: HTflB (38): PRINT "OOP 
": GOSUB 1900 

820 FOR S = 37 TO 28 STEP - 1: UTflB 12: HTflB (S): PRINT "flDP 

": GOSUB 1900: NE::T 
830 HPLOT 103#lUb TO 75,99 

840 GOSUB 1870: UTflB 13: HTflB (6): PRINT "P1F330": GOSUB 1870: HCOLOR= 0: 

HPLOT 108*106 TO 75,99: GOSUB 1888 
85y IF 0 = 1 THEN HPLOT 52,18 TO 52,95: UTflB 3: HTflB (8): PRINT " " 
860 HCOLOR= 3: UTflB 13: HTflB (5): PRINT "P1F330 " 
870 IF PEb'K ( - 16384) = 155 THEN 1220 
880 HTflB (11): UTflB 12: PRINT " " 

890 FOR S = 13 TO 3 STEP - 1: HTflB (5): UTflB S + 1: PRINT " ": UTflB S 
: HTflB (5): PRINT "P1F330": -GOSUB 1908: NEXT 
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900 UTftB 3: HTfiB C3): PRINT "P1F330 ": GOSUB 1870 

910 UTfiB 2: HTfiB <6;: PRINT "IDQ": GOSUB 1898: UTflB 2: HTfiB ): PRINT " 
": UTflB 1: HTfiB (7>: PRINT "108": GOSUB 1890: UTfiB 1: HTfiB (.7): PRINT 
" ": HTfiB <8): UTfiB 1: PRINT "IDO" 

920 HTfiB <.S): PRINT "2": MThB 3: HTfiB <3>: PRINT "P1F330+" 

930 GOSUB 1870: IF PEEK < - 16384) = 155 THEN 1220 

940 UTfiB 3: HTfiB <3r. PRINT " ": UTfiB 3: HTfiB <4>: PRINT "P1F330+" 
S50 FOR S = 3 TO 12: HTfiB (,4r. UTflB S: PRINT " ": HTfiB <4>: PRINT "P 

1F330+": GOSUB 1980: NEXT 
960 UTfiB 13: HTfiB <4>: PRINT " P1F330+" 

9?0 FOR S = 8 TO 12: UTfiB 1: HTfiB (S>: PRINT " ": UTfiB 1: HTfiB <S + 1): PRINT 

"108": GOSUB 1900: NEl^T 
980 UTflB 1: HTflB <.13,': PRINT " ": UTflB 2: HTfiB <.8;: PRINT "2": UTfiB 2: HTflB 

<14): PRINT "IDO": HTfiB <14>; PRINT "FERREDO:-:It^" 
990 IF PEEK ( - 16384 > = 155 THEN 1220 
1000 IF CUE = 3 THEN CUE = 0: GGTO 1560 

1010 IF INT (Q / 2; < G! / 2 THEN CUE = 2: UTflB 2s HTflB C14>: PRINT " 

"; TftE< 18 10100": GOTO 1200 
1020 UTfiB 16: HTfiB (.26>: PRINT "H+": HTflB <25>: PRINT " ": UTfiB 15: HTflB 

<2e): PRINT "H+': HTflB <:26>: PRINT " " 
1030 FOR S = 26 TO 34: HTflB (S>: UTfiB 15: PRINT " H+-": GOSUB 1900: NEXT 
1040 FOR S = 15 TO 5 STEP^ - 1: HTflB (35;: UTflB 8: PRINT " ": HTfiB <35>: 

OTAB S - 1: PRINT "H+": GOSUB 1908: NEXT 
1050 UTfiB 17: HTflB UU: PRINT " 

1060 FOR S = 14 TO 21: UTfiB 2: HTfiB <:S>: PRINT " ID 00": GOSUB 1308: NEXT 
1070 IF PEEK .< - 16384) = 155 THEN 1220 

108^1 UTfiB 2: HTflB <23): PRINT " ": UTflB 5: HTflB (25): PRINT "100": GOSUB 

1900: UTfiB 2: HTfiB (25): PRINT " ": UTfiB 5: HTfiB ^.27): PRINT "IDO": GOSUB 
1900 

1090 FOR S = 25 TO 29: UTflB 5: HTflB <S): PRINT " ID DO": GOSUB 1890: NEXT 

1100 UTfiB 5: HTflB (33): PRINT " ": UTflB 1: HTflB (13^: PRINT ": 

GOSUB 1880: UTflB 5: HTflB <.31): PRINT " 106": UTfiB 5: HTflB (33): PRINT 

" ": -UTfiB 3: HTfiB (14): PRINT "FERREDOIOf-i" 
1110 UTfiB 4: HTflB <29): PRINT "NflDP H /\ 

GOSUB 1878: GOSUB 1870: UTfiB 2: HTfiB (2^ )VPRI>tU:iNflDPH 
•: UTflB 4: HTfiB (29,-: PRINT " 
1120 IF PEEK ( -16384^ = 155 THEN 1228 

1130 GOSUB 1880: FOR S = 29 TO 35: UTflB 2: HTflB (S): PRINT " NflDPH 
": GOSUB 1900: NE::T 

1140 'TfiB 2: HTflB (36;: PRINT " NflDP 
": GOSUB 1900: UTflB 2: HTflB (37): PRINT " NflO 

GOSUB ISOO: UTfiB 2: HTfiB (38): PRINT " .Nfi 
": GOSUB 1900: UTflB 2: -HTfiB (39>: PRINT " N": GOSUB 1908 
1150 UTflB 2: HTflB (40;: PRINT " ": GOSUB I860 

1160 IF (0 / 2; / 2 < > INT ((Q / 2) / 2) THEN CUE = 3: UTflB 3[: HTfiB (1 

3): PRINT " ": GOTO 1190 
1170 UTftB 4: HTflB (48;: PRINT "N": GOSUB 1900: UTfiB 4: HTflB (39:|: PRINT 

Nfl 

": GOSUB 1900: UTflB 4: HTfiB (38): PRINT "NflD 
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60SUB 1900: UTflB 4: HTfiB <3?>: PRINT "NflDP 
": 60SUB. 1900: UTflB 4: HTfiB <36): PRINT "NflDP 



+": 60SUB 1900 

•1180 FOR S = 35 TO 29 STEP - 1: UTflB 4: HTflB <S>: PRINT "NflDP+ 
"z 60SUB 1900: NEXT 

1190 IF PEEK ( - 16384;» = 155 THEN 1220 . . 
1200 NEXT C! 

1218 REM END SIMULOTION / PRESENT MENU > 
1220 POKE - 16368,0: UTflB 14: HTflB (.17): PRINT "LIGHT \ 
": GOSUB 1868 

1238 UTflB 23: PRINT CHR$ <5>: UTflB 23: INPUT " PRESS <RETURN 

> HHEN VOU HflUE FINISHED LOOKING AT THE PRTHWflV FOR NOW.";fl$ 

1248 PRINT CHRit <.25>;U3$: PRINT " NOW THAT VOU HflUE SEEN TF^E WHOLE 

PflTHWflV, LET'S BREflK IT DOWN flND EXflMINETHE PflRTS. HE WILL STflRT BY 
LOOKING AT" 

1258 PRINT "THE THQ PIGMENT SVSTEHS' INUOLUED IN PHOTOPHOSPHORVLflTION, 
PIGMENTS SVSTEH I AND PIGMENT SVSTEH II ' • 

II 

• 

1255 PRINT : PRINT "YOU WILL GET A CHANCE TO REUIEW THIS flGflIN flT THE 

END OF THE PROGRflH, flFTER THE SUMMPRV. " 
1268 PRINT : INPUT "PRESS- < RETURN 

> TO CONTINUE" ^fl$ • 

1278 PRINT U3$: PRINT "PLEflSE BE PflTIENT WHILE THE PROGRflH IS LOADING... 

": PRINT CHR$ c;4);"RUN PHOTOPHOS 2": END 
1288 REM DRAW PATHHflV SUBROUTINE 

1290 PRINT CHR$ (25>;U3$: HCOLOR= 3: HTflB <1>: UTflB 12: PRINT CHR$ <23> 
; "ENERGY 
CHR$ (25^ 

1308 HTflB Cl,^: UTflB 1: PRINT "HIGH": HTRB iQ)z PRINT "Z" : HTflB <13^: PRINT 

"2FERRED0J<!IN": HTflB (I): UTflB 17: PRINT "LOW" 
1310 UTflB" 3: HTflB <\2)z PRINT ">": HPLOT 162,28 TO 131,20 
1320 HPLOT 57,11 TO 79,19 
1330 UTAB 2: HTAB (.27): PRINT F$- 
1340 UTAB 4: HTAB t29): PRINT "NflDP 
+" 

1350 FOR S = 2 TO 15 STEP 3: HTAB <3>: UTflB S: PRINT "-": NEXT 
1360 HTflB <33>: UTflB 8: PRINT "Q" 

1370 UTflB 1?: HTJ=IB(.32>: PRINT "P10230'* * / 

1380 UTAB 13: HTfiB <.6>: PRINT "P1F330+" 
1390 UTAB 3: HTAB <.S>: PRINT 
1400 HPLOT 55,18 TO 52,92 

1410 UTAB 9: HTflB 033): PRINT ' 

1420 HPLOT 227/67 TO 227,123 

1430 UTAB 11: HTfiB <19>: PRINT "CVT" 

1440 UTAB 13: HTfiB C 11 ): PRINT "<" 

1450 UTAB 10: HTfiB PRINT-f^ 

1460 HPLOT 221,62 tO 147, S'O: HPIOT 123,86 TO 72,180 

1470 UTflB 9: HTAB {ID: PRINT "E't'T" 

1480 UTflB 12: HTflB <28>: PRINT "TIDP 



UTflB 5: HTflB <14>: PRINT E$ 
1500 UTAB 5: HTflB (16): PRINT "flDP 
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1510 VTfiB 12: HTfiB <9): PRINT "1L0" 

1520 HPLOT 102,25 TO 79,63: HPLOT 73,73 TO 63,87 

1530 HPLOT 0,170 TO 279,170 

1540 UTfiB 19: PRINT 'CHR$ (22): RETURN 

1558 REH CVCLIC PflTHWftV 

1560 \FtlR R = 1 TO 2: UTfiB 2: HTfiB <14): PRINT " ":H = 14 
1570 IF PEEK ( - 16384) = 1'55 THEN 1220 

1580 FOR S = 4 TO U: UTfiB S: HTfiB (H): PRINT "1D0": 60SUB 1900: UTfiB S: HTRB 

<H^: PRINT " " 
1590 IF S < 7 THEN H = H - 1: GOTO 1610 
1600 IF S > 7 AND S < 10 THEN H = H - 1: GOTO 1610 
1616 V<EXT 

1B20 UTfiB 12: HTfiB (10): PRINT "108": GOSUB 1830: UTfiB 12: HTfiB (10): PRINT 

" ": HTfiB (10>: PRINT " " 
1630 UTfiB 3: HTfiB (14^: PRINT "FERREDOXIN" : UTfiB 5: HTfiB (16): PRINT "fiOP 

"5 60SUB 1870: GOSUB 1870: UTfiB 7: HTfiB ClG): PRINT "ATP 
": UTfiB 5: HTfiB <16>: PRINT " 

1640 GOSUB 1870: FOR S = 16 TO 37: UTfiB 7: HTfiB (S): PRINT " fiTP 
": GOSUB 1900: NEXT 

1650 IF PEEK < - 16384) = 155 THEN 1220 
16G0 UTfiB 7: HTfiB (38): PRINT " fiT 

": GOSUB 1900: UTfiB 7: HTfiB (39>: PRINT " fi": GOSUB 1900: UTfiB 7s HTfiB (40 

): PRINT " ": GOSUB I860 
1678 UTfiB 5: HTfiB (40J: PRINT "fi": GOSUB 1900: UTfiB 5: HTfiB (39): PRINT " 

": GOSUS 1900: UTfiB 5i HTfiB (38): PRINT "RDP 

": GOSUB 1900 . 

1680 FOR S = 37 TO 16 -STEP - 1: UTfiB 5: HTfiB (S)f^PRINT "fiOP 

GOSUB 1900: NEXT \ 
1690 IF PEEK ( - 16384'> = 155 THEN 1220 \ 

1700 HPLOT 108,106 TO 75,99: GOSUB 1870: UTfiB 13: HTfiB <6): PRINT "P1F33 

0": GOSUB 1870: HCOLOR= 0: HPLOT 108,106 TO 75,B9: GOSUB 1880 
1710 HCOLOR= 3: UTfiB 13: HTfiB (5): PRINT "P1F330 " 
1720 HTfiB (11): UTfiB 12: PRINT " " 

1730 FOR S = 13 TO 3 STEP - 1: HTfiB (5): UTfiB S + l: PRINT " ": UTfiB 

"S: HTfiB (5): PRINT "P1F330": GOSUB 1980: NEi^T 
1740 UTfiB 3: HTfiB (3;: PRINT "P1F330 ": GOSUB 1870 

1750 UTfiB 2: HTfiB (6): PRINT "IDO": 60SUB 1890: UTfiB 2: HTfiB ^6;: PRINT " 
": UTfiB 1: HTfiB <:? >: PRINT "100": GOSUB 1890: UTfiB 1: HTfiB (7): PRINT 
" ": HTfiB (8^: UTfiB 1: PRINT "IDS" 
1760 GOSUB 1870: IF PEEK ( - 16384) 155 THEN 1220 

1770 UTfiB 3: HTfiB (3): PRINT " ": UTfiB 3: HTfiB (4>: PRINT "P1F330+" 
1780 FOR S = 3 TO 12: HTfi[. (4): UTfiB S: PRINT ": HTfiB (4): PRINT " 

P1F330+": GOSUB 1900: NE.XT 
• 1790 UTfiB 13: HTfiB (4;: PRINT " P1F330+" 
1800 FOR S = 8 TO 12: UTfiB 1: HTfiB (SJ: PRINT " ": UTfiB 1: HTfiB (S + 1 ): PRINT 

"100": GOSUB 1900: NEXT 
1810 UTfiB 1: HTfiB < 13;: PRINT " .": UTfiB 2: HTfiB (8): PRINT "Z": UTfifc} 2: HTfiB 

■(14): PRINT "1D0": HTfiB (14): PRINT "FERREDOX IN" 
1820 GOSUB -1870 

1830 NEXT : UTfiB 3: HTfiB (13): PRINT "2" 
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1840 UTfiB 2: HTflB <14): PRINT " J'. 

1850 REH PAUSE SUBROUTINES 

1880 FOR PAUSE = 1 TO 1260: NEXT. : RETURN 

1870 FOR Pfi = 1 TO 200: NEXT : RETURN 

1880 FOR Pfi = 1 TO 150: NEXT : RETURN 

1890 FOR Pfi = 1 TO 8i3: NEXT : RETURN 

1900 FOR Pfi = 1 TO 55: NEXT : RETURN 



TflBC 16): PRINT "IDS": GOTO 1176 
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lee 'goto 'dm v 

lie POKE lu3,l 
12© ChLL 1002 
130 CftLl. ei44 

146 PRINT 'CHR$ (16^: INPUT "PLEASE DON'T PRESS <PESET 

> DURING THIS PROGRhM' PRESS RETi.pn ' «t-i> ^Ktbt I 

> TO RESTART THIS PART 'OF THE PROGRAM. 

'^pKfiiri^ SpS?lI1?'^-£'^^f^"^'f^^' E'*^ THE SUHIT I CDUFisEHARE DEl'ELOPMENT 
NSj,'^oSmr.:!: % "^"^ ^^^^HIGAN TECHNOLOGICAL U 

clW;"iA\K^^^^^ ^^"^ ^«^^°HAL SCIE« 

"^""^ ?fpr. ?M^T2?i^oncf;-^i';'?^"'^^' C0NCn]si6NS OR RECOMHENDfiTIONS EXPRE 
■ ' ?L?PEF1 Jrl^S^M SSi ^""^^^ '^"^ T'^E "^^THORS AND DO NOT NECESSfiR 

Is^^ pIn" cSS^=fS?S^^ 

260 REM PROGRAMMED BV CATHERINE LE'^CE 
270 REM INTITIALI2E UARIABLES- 
280 = CHR$ (16^: PRINT U3$ 
290 PRINT CHR$ U2> 
390 F$ = " 

IflBEIJO" ' . . ■ 

310 B$ = "1 GHKL M0" 
320 E$ = "lAJEI^O" 
460 REM *MAIN PROGRAM 

410 PRINT CHR$ (.2£.)j CHR$ a2.^: GOSUB 1750 

420 PRINT "THIS DIAGRAM REPRESENTS PART OF THE PHOTOPHOSPHORVLATinN P 

' " S'^'piRlH^TflTinN'Sr^r''' HERE DeVeR-TnE^^^^^^ 

^-^ EnPERIHENTOTIuN with LHLOROPLfiSTS. " : GOSUB 1970 

430 PRINT "THE REACTIUE CHLOROPHVLL MOLECULE IN PIGMENT SVSTEM I iPS I 

> IS CALLED P1F33:" 

440f UTAB 14: HTA8 iS^z PRINT HTflB (7>: PRINT "PS I 

": GOSUB 1970 

450 UTAB 14: HTPB ..8.': PRINT " ": HTflB <7>: PRINT » ": UTAB 19- PRINT 

> IS cJlLED^^^^^PFKC^^^^^^^ "'^'■^^'"^ SVSTEM H Ip's II 
■460 UTAB 17: HTAB U-4>: PRINT "PS II .f 

": 60SIJS 1970 

i?0 UTAB 17; HTAB (.24;*: PRINT " 

"^OR PS^?I ^'^^^^^ "^^^^ APPROPRIATE COLOR OF LliHT ■ STRIKED Pi. i 

' ^« ^^^^^ TO A . 

■^^^ n^ixnTc^?-^^-^'^'^^''^ '"'^T THE REACTluE MOLECULE ISRAISED ABOUE ITS GROUN 

U mw BE Pfi-cpn Taf!' ^''^'•''V LEVEL- ^HI^ ACTIl-ATES THE ELECfRtTsS 
oil: ; FAobEO TO HN HlLEPTOR MOLEaiLE.": bOSUB 197^1 

580 PRINT "HS HE uOOK AT EACH ELECTRON ACCEFTuft, KEEP IN MINd'thAT A MO 
LECULE HILL NUT ACCEPT AN ELECTRON UNLESS IT ifALREASv G^jKWb AN 
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aeCTRON.": GOSUB 197£1 ' 
510 INPUT "TO SEE HHfiT HAPPENS HHEN LIGHT STAKES PS II 
, PRESS ■< RETURN 
»>."jfl$ 

• 520 PRINT U3$: UTfiB 14: HTAB <17): PRINT " 
LIGHT 

": GOSUB 19S0 

- 530 UTfiB 17: HTfiB <3l;: PRINT ">": HPLOT 158,108 TO 212*131: GOSUB 1988 
540 UTfiB 17: HTfiB <32): PRINT "P10230": 'GOSUB .1988: HCOLOR= 8: HPLOT 150, 

108 TO 212431-: UTfiB 17: HT.fiB <31>: PRINT " ": GOSUB 1988 
550 HPLQT 227,67 TO 227,123: HGOLOR= 3: UTfiB 9: HTfiB <33>.: PRINT " ": GOSUB 

1988 

■560 FOR S'= 16 TO 9 STEP ■- 1: HTfiB <32>: UTfiB S- + 1: PRINT " UTfiB 

- Si HTfiB <32): PRINT "P10230": GOS'UB 2010: +JEXT 
570 -UTfiB 9: HTfiB <32i: PRINT " ": UTfiB 8: HTfiB <35>: PRINT "P10238" 
580 UTfiB 7: HTfiB <36>: PRINT "108": GOSUBM990: UTfiB 7: HTfiB <36y: PRINT 

. " ": t'TfiB 6: HTfiB <35>: PRINT "108": GOSUB 1990: UTfiB 6: HTfiB <35>: PRINT 

1 " " - • ^ : 

,590 ' UTfiB 6: Mim <34>: PRINT "1D8":*G0SUB 1990: UTfiB 6: HTfiB <3.4>:, PRINT 
" ": UTRB/^: HTfiB <33): PRINT "lti0" :, HTfiB < 35): PRINT "P18230+" 
600' GOSUB 1998: UTfiB 8: HTfiB <33): PRINT "Q" J> > 

610 UTfiB 19: PRINT "P18238 HfiS DONfiTED THE ELEtTTRON fiND HILL NOH RETURN 
TO fi LOHER ENERGV LEUEL. THE + SIGN INDICfiTES THfiT THE MOLECULE IS 
HISSING- AN ELECTRON, THUS IT IS POSITIUELV CHfiRGED.": GOSUB 1 

. 978 ■ 

&20 UTfiB 8: HTfiB <35>: PRINT " ' ": FOR S = 9 TO 17: UTfiB S: HTfiB <32>: 
PRIKT •'P10230+": GOSUB 2810: IF S < 17 THEN UTfiB S: HTfiB <32): PRINT 
": NEXT 

630 UTfiB 19: INPUT "P18238 NOW DRfiWS ON ELECTRON fiWfiV FROM fi MOLECULE OF 
'HRTER. THIS CAUSES THE HflTER|ibLECULE JO SPLIT, THUS OXVGEN IS 
RELEASED FROH THE PLANT. TO SEE THE ELECTRON TRANSFER PRESS <RETU 
' RN . - . . 

B40' PRINT U3$: SPEED= 180: UTfiB 17: HTAB <7>: PRINT "H1O0O. 1JB0 2100 + IC 

00100 + 2H+": SPEED= 255V ' 
650 GOStJB 1980 ^ * • 

• B60 UTfiB -17 J HTfiB <14>: PRINT "z. UTfiB 16; HTflB <15): PRINT "1D0" 
670 GOSUB 1980 ' " 

680 FOR S = 15 TO 35: FOR PA = 1 TO 100: NEXT : UTfiB 16: HTAB <S): PRINT- 

" UTAB 16: HTAB <.S + L): PRINT "1 • / ' 

00": NEXT " . • 

B90 GOSUB 1990: UTfiB 16: HTAB <36): PRINT " ": HTfiB <3e>: PRINT " " 

700 UTfiB 19: PRINT "P1023O AGCEPTRD THE ELECTRON IT HEEDED, THUS IT RET . 

URNED TO ITS GROUND STATE a, I THILL REHAIN AT THIS ENERGY LEUEL UNTIL 
. IT PICKS UP MORE LIGHT HfiUfS OF THE fiPPROPRIfiTE HfiUELENGTH. " : GOSUB 

1970 

710 PRINT "MEfiNHHILE, THE EXCITED ELECTRON IS PfiSSED BY "Q", A HOLEC 

4LE OF PLfiSTO- QUINONE, TO fi SERIES OF CYTOCHROMES AND OTHER ELECT 
RON CARRIERS WHICH ACT AS ELECTRON ACCEPTORS AND DONORS.": GOSUB 1 
970 • ^ X ' . ' ■ 

720 PRINT ''AS THE ELECTRON IS PASSED IT LOSES SOME OF ITS ENERGY TO EACH 
ELECTRON CARRIER. THIS ENERGY DRIUES THE SPONTANEOUS 'DOHNWfiRD H 
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OUEHENT' OF ELECTRONS.": 60SUB 1970 . ' 

• 738 PRINT t'EUEN THOUGH THE ELECTRON LOSES ENER6V. fiSIT POSSES THROUGH THE 

CVTOCHROME CHfilN, IT IS STILL fiT fi RfilSED ENERGV LEUEL, , 'RELfiTI'JE TO 
ifS INITIAL ENERGV LEUEL, WHEN lY -IS FINfiLLV fiC-CEPTED BV.P1F330. ": 
eOSUB t970 f ' • - • 

740 PRINT "DURING THE -ELECTRON TRfiNSFER, SOME • ENERGV IS CfiPTURED TO 

FORM fi HIGH ENER6VM0LECULE. ": PRINT : INPUT "PRESS <RETURN 
> TO SEE THIS HAPPEN" ;fi$ ... • . * 

750 PRINT U3$: UTfiB 7: HTfiB <33): PRINT " ": HTfiB <33): PRINT "Q": GOSUB ■ 

2000 • ' ^ 

760 U = 7: FOR S = 32 TQ 11 STEP - 1: HTfiB CS): UTfiB U: RRINT "1D0": GOSUB 

2000: IF S < >11 THEN HTfiB <S>: UTfiB U: PRINT "'" 
770 IF S < 31 THEN U = 8: IF S < 27 THEN U = 9: IF S < 2^ THEN U = 16: IF 

S < 17 THE>*U = 11: IF & < 13 THEN U = 12 . 
780 NEXT I 
790" GOSUB 1990 / 
800^ UTfiB 12: HTfiB <11): PRINT " ": HTfiB <10): PRINT » " ■ 
.810 GOSUB 1980 

* 820 UTfiB' 12: HTfiB <28):-'PRINT "RDP 

'•: GOSUB 1980: UTfiB 12: HTfiB <22>: PRINT "ATP ^ , 

■ TfiBC 28>;" " • ■ * ■ • . " 

B30 GOSUB 1380: FOR S = 22 TO 37:' UTfiB 12: HTfiB <S): PRINT " ATP 
": GOSUB 2010: NEXT ' . • ' 

840 UTfiB 12: HTfiB <38): PRINT-" fij / * , 

GOSUB 2010: UTfiB 12: HTfiB <39): PRINT " A": GOSUB 2010: UTfiB 12: HTRB < 

40): PRINT " ": GOSUB 198©^' GGSUB 1990 
850 UTfiB 12: HTfiB <40): PRINT "fi": GOSUB 2^10: UTAB 12: HTAB CSS): PRINT 

"AD 

": GOSUB 2010: UTfiB 12: HTAB (38): PRINT "ADP 

": GOSUB 2010, . . , • , 

• 880 FOR S = 37 TO 28 STEP - 1: UTAB 12: HTAB <S): PRINT "ADR 

GOSUB 2010: NEKT ' • , . 

870 UTAB 9: HTAB (33): PRII^T HPLOT 227,67 TO 227,123 • 

• 880 UTAB 19: PRIWT "AS THE ELECTRON WAfe PASSED ALOMG .THE SERIES OF CVT 

OCyROHES, THE ENERGV NEEDEDTO JOIN ADP ' /• 
fiND INOffefiNIC PHOSPHATE WAS TRAPPED. THUS fi MOLECULE OF flJP 
WAS FORMED.": GOSUB 1970 • 
* 890 PRINT "HOULD VOU LIKE A DEFINITION OF ATP ' ' - 

INPUT A$ . . • , " . 

900 IP LEFT* <A$,1) = "N" THEN PRINT : PRINT "OKAV, WE WILL GO ON...": GOSUB 
1970: GOTO 940 

910 IF LEFT* ^A$,l; < > "V" THEN PRINT : INPUT "PLEASE RE-ENTER VES OR 

NO...'^;A$^: GOTO 900 
920 PRINT U3$: PRINT "ATP 
FUNCTIONS AS THE MAJOR CARRIER OF CHEMICAL ENERGV IN THE CELLS OF OLL 

LIUING ORGANISMS. AS IT TRANSFERS ENER6VT0 OTHER MOLECULES IT LOSE 
S ITS TERMINALPHOSPHATE GROUP AND BECOMES- ADP 
.'): GOSUB 1970 
930 PJ^INT "OOP 

CAN ACCEPT CHEMICAL ENERGV BV ^^fllKING ft PHOSPHATE GROUP, THUS IT 
BECOMES ATP ' 
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. IN THE CASE OF PLANTS, ATP . * ' ' , 

FORHS AT THE EXPENSE OF. SOLAR -ENERGV. ": GOSUB 1970 
940 PRINT "IT IS BECAUSE OF THIS LIGHT ACTiUflTED PHOSPHORVLfiTION OF ADP 



HERE NAHED 'PHOTO - PHOSPHOR 



* TO FORM. ATP 

* THAT THE LIGHT REACTIONS OF PHOTOSVNTHESIS 

VLATION.'": GOSUB 1976 
950 PRINT "ATP ' . - ' ' J . ' 

AND ADP A ' ■ " 

MOLECULES HOUED TO ANO^FROH THE PftTHHfiV TO REPRESENT THE'USE OF ATP 
AND THE REPLENI9.HHENJ OF ADP 

BV THE DfiRKREACTIONS OF PHOTOSVNTHESJS ELSEHHERE INTHE CHLOROPLftST. " : GOSUB 
. 1S70 ■ , ' ■ • 

960 UTAB 1.9: INPUT "NOW, HHAT'NILL CAUSE P1F330 TO BE BOOSTED TO A HIGHER 

^ ENER6V LEUEL? ";A$ J 
970 IF LEFT$ (fl^,S> = "LI" OR' LEFT* <A^,3> = "PH" OR 'LEFT$" < A$,3> = "S 

UN" THEN PRBHT : PRINT. "VOU ARE ^efORRECT! ": GOSUB 1978: GOTO 1616 
975 IF LEFT$ (fl$i2j> = "EN" THEN fRlNT *: PRINT "VOU ARE CORRECT, IF VOU 
• ^'..HEAN LIGHT * ENERGV.",': 60SUB 1979: GOTO lOie 
' 980 IF A$ f "" THEN PRINT i INPUt "PLEASE TRV TO ANSWER THE QUESTIOH-" jfi 
$: GOTO 970 ■ ^ 

990 IF FLRG = 1 THEN PRINT K^'. PRINT "VOU ARE INCORRECT fiSfilN.": feOSUB 

.1970: GOTO 1610 ■ % 
1000 PRINT U3$: INPUT "SORRV, VOU ARE, INCORRECT. THINK (^OUT WHAT HAPPE 

NED TO PI 0230 AND TRV TO ANSWER A6AIH-"jfl?-:FLAG = 1: \50TO 979 
1010 PR'INT "THE COLOR OF LIGHT APPROPRIATE FOR PS I \ 
STRIKES A REACTIOE .MOLECULE OF P1F3S0. THUS AN ELECJRQfl IS EXCITED, CA 
USING P1F330 TO Bt RAISED TO A HIGHER ENER8V LEUEL.": SOSUB 19? 
. ^ 0'" • . 

10^0 UT9B '19: PRINT "IF THE LIGHT SOURCE IS TURNED OFF, THE ENTIRE PATHW 
ftV 'SHUTS DOHN' AT THE REACTIUE CHLOROPHVLL MOLECULES. THAT^IS,N 

Q- ELECTRONS CAN' BE PASSED FROM THESE " MOLECULES IN THE DARK.": GOSUB 
1970 ■ » 

1030 INPUT "WHAT MUST BE MISSING FROM A P1F330 MOLECULE, AT THE HO ' 

•LECULfiR LEUEL, BEFOF£IT CAN ACCEPT AN ELECTRON FROM A CVTO- CHROME H 
OLECULE? "jfi^fi . . . • ^ 

1040 IF'A$ = "" THEN^ INPUT "PLEASE TRV TO ANSWER (THE QUESTION-", -fi$: GOTO 

1040 ' , V 

1050 IF LEFT$ (A$,4> = "AN E" OR LEFT$ CA$,3) = "A E" OR LEFT$ (A^:,l) = 

"E" THEN PRINT U3$: PRINT "'ELECTRON^- IS CORRECT!": PRINT : 6QT0 107 

0 f * 

1060 PRINT g3$: PRINT "SO^^RV, '"jA*,-"' IS INCORRECT.": PRINT : PRINT "RS^I 
EMBER, A MOLECULE CANNtq;, ACCEPT AN ELECTRON UNLESS IT IS HISSING AN ~ 
ELECTRON.": GOSUB 1970: GOTO 1080 
1070 PRINT "VOU REHEHBERED THAT A HOL'feCULE, CANNOT ACCEPT AN ELECTRON IIN 
LESS IT IS ALREADV HISSING ON ELECTRON.":" GOSUB 1970 
^ 1080 INPUT "TO SEE HHAf HAPPENS WHEN LIGHT STRIKES PS I ' 
, PRESS ■< RETURN 
>.",-fi$ , 

1090 PRINT U3$: HPLOT 108,106 TO 75,99 * 

1100 GOSUB 1980: UTAB 13! ^TAB <6>: ff^INT "P1F330": GOSUB 1980: HCOLOR= O 
: HPLOT 108,106 TO 75,99: GO^UB 1980 
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♦ llie' HPLOT 52*18 TO 52,95: UTflB HTOB <8>: PRINT " ": GOSUB 1980: HCOLOR= 
3 ^ " ' ' ^ ' ^ 

1120 HT;iB <11>: UTfiB.12: PRINT " " 

1130 FOR S = 13 TO 3 STEP - 1: HTflB (8): UTflB S + 1: PRINT "':. UTRB- • 

S; HTOB <e): PRINf "PlF33e": GOSUB 2010: NEXT 
li40 UTflB 3: HTflB (3>: PRINT "P1F330 ": GOSUB 198? 

1150 UTflB 2: HTflB (6): PRINT "IDQ": GOSUB 1999: UTflB 2: HTflB <6): PRINT '« 
": .UTflB 1: HTflB (7): PRINT "IDO": GOSUB 1990: UTflB 1: HTflB (?>: PRINT 
" ": HTflB (8>: UTflB 1: PRINT "lEre" 
1160 HTflB (8>: PRINT "Z": UTflB 3: HTflB <3): PRINT ''P1F330+" ' . 

1470 GOSUB 1980: GOSUB 1990 

1180 UTflB 3: HTflB <3>: PRINT " P1F330+": QtiSUB 2010 

1190 FOR S ='3 TO 12: HTflB <^0: UTflB S: PRINT " ": HTflB <e): PRINT " 
P1F330+": GOSUB 2810: NEXT . . • 

'1200 UTflB 19t PRINT "P1F330 IS NOW flT fl LOWER.ENERGV LEUEL BUT WILL NOT R 

ETURN TO ITS GROUND STATE- UNTIL IT flCCEPTS flNOTHER ELECTRON.": GOSUB / 
1970 

1210 PRINT "THE MOLECULE ''2' NOW PflSSES THE^ELECTRONDOHN AN ENERGV GRflDIE 

NT TO FERREDOXIN; flN IRON PROTEIN.": PRINT : INPUT "^RESS <RETURN 
> TO SEE THE TRflNSFER."";fl$ 

1220 PRINT U3$ ■ - ' 

1230 FOR S = 8 TO 12: UTflB 1: HTflB CS): PRINT " ": UTflB 1* HTflB <S + 1>: PRIN 

"ID:": G'CiSUB 2610: NE;^ \ 
1240 UTflB 1: HTflB <i3;:- PRINT " ": UTflB ^2: HTflB (8): PRINT "2": UTflB 2: HTflB 

<14>: PRINT "100": HTflB <13): PRINT "FERREDDKIN'' " 
1250 UTflB 3: HTflB <8>: PRINT HPLOT 52,18^0 52,92 

1260 UTflB 19: PRINT. "IF THERE IS SUFFICIENT NflDP 

+ XO ACCEPT ELECTRONS FROM FERREDOXIN, THEN ' FERREDOXIN DONATES IT 

S ELECTRONS TO NflDP 
+. FOR EUERV TWO ELECTRONS DONflTED, ONE MOLECULE OF NflDPH / 

IS FORMED-": GOSUB. 1970. 
1270 PRINT "WOULD VOU L-IKE fl DEFINITION OF NflDP - ' 

": INPUT fl$ , ■ , * 

1280 IF LEFT$ (.fl$,n = ">r' THEN PRINT : PRINT "OKRV, ^E WILL CONTINUED 

ISCUSSIN6 THE TWO ELECTRONS NEEDED TO FORM NwEiPH 
.": GOSUB 1970: GOTO 1320 

1290 IF LEFT$ (.fl$;n < > "V" THEN PRINT : INPUT "PLEflSE RE-ENTER VES 0 

R NO...";fl$: GOTO 1286 . - 

1300 PRINT U3$: PRINT "NflD 

P IS flN ORGflN.fC MOLECULE THflT CflRRIESELECTRONS FROM ELECTRON DONORS TO 

ELECTRON flCCEPTORS.": GOSUB 1970 ' 
1310 PRINT' "IN THIS CASE, NflDP 
flCCEPTS ELECTRONS ' FROM FERREDOXIN AND CflRRIES THEM TO THE PflRT OF THE 
CHLOROPlAST WHERE THE DARK REACTIONS OCCURV'j, GOSUB 1970 
1315 PRINT "THE ELECTRONS ARE THEN DONATED TO flUfllL-flBLE ELECTRON ACCEPTO 

RS IN THE DflRI^: REflCTIONS. ": GOSUB 1970 
1320 INPUT "FROM HHflT MOLECULE INIJOLUED IN' THIS PflTHWAY DO VOU THINK 

vTHE SECOND ELECTRONCOMES r ";A$ ' 
1330^ IF fi$ i= "" THEN PRINT : INPUT "PLEflSE TRV TO flNSWER THE QUESTION-"; 
fl$j GOTO 1330 ' 

1340 IF LEFT? <;flf,2> = "Wfl" OR LEFT$ Cfl*,2) = "H21' OR LEFT$ (fl$,3) = " 

P68" THEN PRINT : PRINT "'WflTER^ IS THE BEST flNSWER.": GOSUB 1978: GOTO 
1370 
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1-350 IF FLfiG = 2 THUN PRINT "VOU PRE INCORRECT fiGftlN."r, (50SUB 1970: GOTO 

1360 ^PRINT U3$- PRINT IS INCORRECT.": 'INPUT "THINK fiBOUT HHERE * . 

THE HRST ELECTRCW clhE FROM fiND TRV TO fiNSHEft fl6fiIN-"ifl$rFLflS = 2 ^ 

* • GOTO i340 " ' ~ 

1370 -PRINT U3$: F^RINT "THE SECOND ELECTRON HILL COHE FPOH P10230,HHICH OR 

llGINflLLV ACCEPTED IT FROM HfiTER^IT HILL FOLLOW THE SOME PflTHHfiV THfiT 

"tHEFIRSTjEtECTRON DID BECfiUSE fi HOLECULE. OFN^DP 

1380 ^PRJNf "SINrE^FEPP£^^^^ CRRRIER; THO HOLECuLe ' • 

1380 ^PRINT^ .^RE, HEEDm,ONE FOR EfiCH ELECTRON. THESE ELECTRONS THEN CONUE 
RGE TO FORH ONE HOLECULE OF NfiDPH 
FROM NflDF^ ; ^ r ' 

+. ": GOSUB 1970 ^ . 

1390 INPUT "fi HVDROGEN ION IS ALSO NEEDED TO FORH • NfiDPH ^ , 

THE^iOLECULES WE HfiUE DISCUSSED SO FfiR, MHICH DO VOU THINK SUP . 

1400/lF^fi/=^-""^THEf^RI^^^ -'"input "PLEfiSE TRV TO fiNSHER THE QUESTION-"; 

1410 ^IF "^LEFTr^^S) = "Wfi" OR YeFT$ <fi$,2> = "H2" THEN " PRINT "'WATER' 

IS THE CORRECT fiNSHER ftGfilN!": GOSUB 1978: GOTO- 1436 
1420 PRINT "'";«$;"' IS INCORRECT.": GOSUB 1978 . \J ^ -r--™ ^ 

1430 * PRINT "THERE HfiV BE OTHER SOURCES OF HVDROGEN IONS IN THE CHLURuPLfi 
ST, BUT WfiTER SPLITS fiND DONfiTES THE HVDROGENS TO NflDP . 

l4SrUT'flB"l9?%RK;^s'isSH THE SECOND ELECTRON" HfiS fiLREfiDV,," 

1440 ^THB jy^ KKiH^ L .^^^^^ HOLECULE OF FERREQOKIH. ": PRINT : INPUT " 

TO ODD tHE SECOND FERREDOXIN TO THE PfiTHWfiV, PRESS <RETURN 

1450 PRINT U3$: UTfiB 1: HTfiB < 13,>: PRINT "FERREDOXIN 1D0": UTfiB 20: INPUT 

"NOW* TO FORM NfiDPH , .. • 

, PRESS < RETURN 

>";fl$ , . * ■ * 

1470 UTfiB\6f HTfiB <26^: PRINT "H+'f: HTfiB <25): PRINT ": UTfiB 15: HTfiB 

<26>: PRINT "H+": HTflB <26): PRINT " " 
1480 HCOLOR= 0: HPLOT 227,67 TO 227,123: _HCOLOR= 3 ^ 

itll FdR^S =^26 TO 34: HTfiB <S>:. UTRB 15: PRINT " H+": GOSUB 2010: NEXT • 

II20 FOR°S l^lfWl ItEp''- l: HTfiB <35>: UTfiB S: PRINT " ": HTfiB'<35>: 
UTfiB S - 1: PRINT "H+": GOSUB 2610: NEXT ^ ^ 

FflR S = 14 TO ■'■'3- 'i.TfiB"2: HTfiB <S>: PRINT " 1D0": GOSOB 2080: NEXT 
u?flB 1- HTfiB <5r^: PRIl^T " ": UTfiB 4: HTfiB (24): PRINT "IDe": GOSUB 
2000- J™ 2f HTOb\£4;: -PRINT " ": UTfiB 5: HTfiB <24): PRINT "1D0": GOSUB 
2000; UtSb 4:.' HTfiB <24): PRINT " ": HTfiB <26>: PRINT "IDO": GOSUB 200 

1550 %QR S = 24 TO 29: UTfiB 5: HTflB <S>: PRINT. " ID D:": GOSUB 2000: NEXT 



ISRP* UTfiB 5- HTfiB <33>: PRINT " ": UTfiB 1: HTfiB *(, 13): PRINT 

S 2000: UTfiB 5: HTfiB <31>: PRINT " 100": UTfiB 5: HTfiB <33): PRINT 
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" UTfiB 3: HTflB <13): PRINT "FERf?EDOXIN" 
157Q UTfiB 4: HTfiB <29): PRINT "NfiDP H 

60SUB •l-980^-4:^TfiB-2: -HTflB J:-29):--PR>INX ilNPlDPH. 
": UTfiB 4: HTfiB (29 >: PRINT " 

1580 60SUB 1990: FOR S ='29 JO 35: UTfiB 2: HTfiB CS): PftiNT " NfiDPH 
": GOSUB 2618: NEXT ■ • ' ( 

1590 UTfiB 2: HTfiB (3B): PRINT " NfiDP 

": GOSUB 2010: iHtiB 2: HTfiB <37>: PRINT ^" NfiD * • 

": GOSUB 2810: jffiB 2: HTfiB (38): PRINT- " Nfi 

": GOSUB 2010:, UTfiB 2: HTfiB <39): PhiNT " N": GOSUB 2010:'^ UTfiB 2: HTfiB, (48 

>,: PRINT " -i': GOSUB 1986: GOSUB 1999 
1600 UTfiB 4: HTfiB <40): PftlNT "N": GOSUB 2010: UTfiB 4: HTfiB (39 )c PRINT " 

Nfi": GOSUB 2010: UTfiB 4:. HTfiB C3S>: PRJU^T "NfiD 
": GOS'UB 2010: UTfiB 4: HTfiB (3?): PRINT "NfiDP 
": GOSUB. 2010: UTfiB 4: HTrtB ,(36):- .Pf^INT ''NfiDP" 
+": GOSUB 2010 • '\ ' 

1610 FOR S = 35 TO 29 STEP 1: UTfiB 4: HTfiB"(S>: PRINT "NfiDP 
+ ,": GOSUB 2010: NEXT f . 

1620 UTfiB 19: PRINT "THE HOUEHENT OF NfiDP 
+ fiND NfiDPH 

MOLECULES TO fiND FROH THE PfiTHWfiy REPRE-SENTED THE USE OF NfiDPH 
AND REPLENISH-. HENT OF NfiDP 
+ BV THE DftRK REfiCTIONS OF PHOTOSVNTHESIS. ":, GOSUB 1970 

1630 PRINT "HHEN THO MOLECULES OF FERREDOXIH fiGfilN HflUE ONE ELECTRON EfiC 

H TO DONfiTE, THEV HIUL PfiSS THEN TO' NfiDP ^ 
+ IF IT IS fiUfilL- fiBL^.": GOSUB 1970 

1640 -PRINT "THE PfiTHHfiV THfiT HE JUST.TRfiCED THROUGH,ENDING WITH THE FORHR 
TION OF NfiDPH 

J IS CfiLLED NON-CVGLIC *■ \ * 

PHOTOPHOSPHORVLfiTION. ": GOSUB 1976 ^ ■ 

1,650 PRINT "IT IS CfiLLED 'WON-CVCLIC BECfiUSE ELECTRONS ESSEwTIflLLV 

FLOH FROH WftTER TONfiDPN 
+ WITHOUT CYCLING BfiCK TO P1F330.": GOSUB 1970 
1680 PRINT CHR$ (25>jU3$ 

1670 PRINT "THfiT'S 'iT FOR NON-CVCLIC PHOTOPHOS- PHORVLRTION. WOULD VO 
U LIKE TO": PRINT 

1680 PRINT " 1) REUIEW THIS SECTION ON NON-CVCLIC PHOTOPHOSP^pRV 
LfiTlON"-: PRINT : PRINT " "^^a-) 60 ON fiND LEfiRN fiBOUT CVCLIC 

PHOTOPHO'SPriQRVLfiTION.": PRINT : PRINT "OR 3> EXIT FROH THE PROGRfiH 

1690 "print : INPUT "HHfiT IS VX)UR CHOICE (1^ 2 OR 3>? ''jfi$: PRINT 
1700 IlF UfiL (fi'$) = 1 THEN 410: END 

1710 IF UfiLXfi^P = 2 THEN PRINT "PLEfiSE BE PfiTIEMT WHILE THE PROGRfiH IS 

LOfiDING..-.": PRINT CHR$ <4);"RUN PHOTOPHOS 3": END 
1720 IF UfiL Cfi$> = 3 THEN PRINT U3$: PRINT "I HOPE VOU BENEFITTED FROH 

■ THIS PROGRfiH.": PRINT "THANK VOU.": END 
1730 INPUT "THfiT KilS NOT ONE OF THE CHOICES^ PL^fiSE RE-ENTfeR-";fi*: GOTO 1 
700: END 

1740 REM DRfiW PfiTHHfiV SUBROUTINE 

1750 PR>INT CHR$ (25);U3$: HTfiB (1>: UTfiB 12: PRINT CHR$ (23);"ENERGV 
"i CHp$ ^25.) 

1760" HTfiB (U: UTfiB 1^ PRINT "HI.GH": HTfiB (B): PRINT "Z": HTfiB (13>: PRINT 
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"FERREDOXIN": HTflB <1): UTflB 17: f^RINT "LOW" 
UTflB 3: HTfiB < 12): PRINT ">": HPLOT 156,20 TO 181,20 
yPllOT 57,11 TO 79,19 ' ' • 

UXfiB Zv HTflB <27): PRINT F$ 
UTflB 4: HTflB < 29): PRINT "NODP ' J 

FOR s'= 2 TO 15 STEP 3: HTflB <3): UTRB S: PRINT "-": 
HTflE: (33 >: UTflB 8: PRINT "G!" " 

UTflB 17: HTflB <32): PRINT "P10230" . > 

UTflB 13: HTflB <6>: PRINT "P1F330+" 
U»TflB 3: HTflB <8'): PRINT 
HPLOT 52,18 TO 52,92 
UTflB 9: HTflB <33): PRINT 
HPLOT 227,67- TO 227,123 * ' 

UTflB 11: HTflB <19): PRINT "CVT"\ 
UTflB 13: HTflB <11): PRINT "<" 
UTflB- 10: HTflB <24): PRINT B$ 

.HPLOT 221,62 TO 147,80: HPLOT '123,86 TO 72,109 
UTflB 12: 'HTflB C28):' PRINT "fpP 

HPLOT 0,140 Ttl 279,140 
UTflB 19: PRINT CHR$ (22): RETURN 
REM PflUSE PRESS RETURN SUBROUTINES 
UTflB 24: INPUT "PRESS <RETURM . . 
> TO CONTINUE^ ;fl$: PRINT .U3^: RETURN- 
1980 FOR PflUSE = 1 TO 1200: NEXT : RETURN 
1990 FOR Pfl = 1 TO 408: NEXT :. RETURN 
2080 FOR Pfl = 1 TO 180: NEXT : RETURN- . ■ ' 
2010 FOR Pfl = 1 TO 108: NEXT : RETURN 



1770 

1780' 
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1800- 
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1810 
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1880 
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M 
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1960 
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NEXT 



» • 



■ 0 



B20 



100 eiDTO 200 ' 
110 POKE l€i3*l 
120 CfILL 1002 
130 CALL 6144 

140 PRINT i:HR$ (16): INPUT "PLEASE DON'T PRESS <RErSET 

■> DURING TH Is PROGRfiH! PRESS < RETURN • . * • 

> TO RESTART THIS PART OF THE PROGRAM. ";fi$ • • . 

200 REM THIS PROGRAM W(?^ DEUELOPED THE SUMIT I COURSEHARE DE'.'ELOPhENT 
PROJECT, DEPARTMENT^ BIOLOGICAL SCIENCES, MICHIGAN TECHNOLOGICAL U 

NIVERSITV, HOUGHTON* MI. 49931 
210 REM THIS MATERIAL IS BASED UPON HORK SUPPORTED BV THE NATIONAL SCI EN 

CE FOUNDATION UNDER GRANT NUMBER SEDr79iaCi51 ' t 
220 REM" ANV OPINIONS, FINDINGS, AND CONCLU^ONS OR RECOMHEHDATIOMST EXPRE 
. ■ SSED in' THIS PUBLICATION ARE THCjSE OF THE AUTHORS AND DO NOT NECESSAR 

ILV REFLECT THE UIEHS OF THE NAtlONAL Sf.IENCE ^OUNDPTION 
230 REM SUBPROGRAM <PHOTOPHQS 3) OF PHOTOPHOSPHORVLflTION ' - 
240 REM BASED ON PUBLICATIONS BV STRVER (1981> AND LEHNINGER (1975) 
250 REM DESIGNED BV CATHERINE LEECE 
260 REM PROGRAMMED BV CATHERINE LEECE 
27.0 REM INTITIALI2E UARIABLES 
280 U3$ = CHR$ (IS): PRINT U3$ 
290 SCCl) = 0:SC = 0: PRINT CHR$ <:i2):CUE = 0 
380 F$ = " • * . 

IflBEIJO" / 
310 B$ = "1 GHKL H0" 
320 E$ = "IflJEIBO" 

480 REM MAIN PROGRAM •• / • 

410 PRINT CHR$ (26); CHR$ <12>: GOSLlB 2016 

420 UTAB 18: PRINT "THIS PATHHAV REPRESENTS WHAT BIOLOGISTS BELIEUE TO ,pE 
CVCLIO* '■ 

PHOTOPHOS- PHORVLATION. NOTICE THAT IT CONTAINS PORTIONS OF TH 

E NON-CVCLIC PATHNAV.": GOSUB 2218 
430" UTAB 18: PRINT "BIOLO(^ISTS BELIEUE THE PLANT UTILIZES THIS PATHHAV 

» WHEN NADP , • ' \ 

+ IS NOT AUfilLABLETO ACCEPT ELECTRONS FROM FERREDOXIN.": GOSUB 2210 
440 PRINT "NADP * 

+ HILL BE REMOlJED FROM THIS PICTURE BECAUSE HE HGULD LIKE TO SEE WHAT 

HAPPENS WHEN IT IS'NOT AUAILABLE TO THE PHOTOPHOSPHORVLfiTION REACTI 
QMS.": INPUT "PRESS <RETURN " - ' ^ , \ 

> TO DO SO. , \ 

450 PRINT U3i: FOR S = 2 TO 4: UTAB S: HTRB <23): PRINT " \": NEXT 

460 UTAB 18: PRINT "LET'S ASSUME THAT AN ELECTRON HAS ALREADV BEEN 

BOOSTED TO A HIGHER ENERGV LEUEL BV LIGHT, RND .PASSED FftOH HATER', TOFE 
RREDOXIN UIA NON-CVCLIC PHOJOPHOS--'^ PHORVLATIOH." / 
470 UTAB 24: INPUT' "TO SEE THE ELECTRON, PRESS <RETURN \ / > 
>"jf\$: PRINt U3$ ' •> . ^ 

480 UTAB 2:^TAB (-H): PRINT "1D:0": HTAB <13): PRINT '"FFEfiREDOX IN" 
490 UTAB 18: PRINT "THIS MEANS THftT FERREDOXIN NEEDS TO DONATE THE EX ^ 
CITED ELECTRON TO AN ACCEPTOR SO IT CFIN BECOHE A STABLE HO^ . 

LECULE. ": GOSUB 2210 
580 UTAB 18: PRINT "SINCE NADP 
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* IS UNflUfllLPlBLE, THE ELECTRONIS DONfiTED TO fl CHfilN OF UflRIOUS CYTO- CHRO 
HE MOLECULES.": 60SUB ^i'lCi* :- ' 
, 510 UTflB 18: PRINT "fiS IN^THE-f^ON-CVCLIC PPlTHHflV, THE ELECTRON LOSE 

S SOME OF , ITS Bi^&T TO EACH CVTOCHROHE* AND SOME OF ITS ENERGY- IS 
TRAPPED TO FOfiH MOLECULE. OF OTP 
-": €0SLIB 2210 

520 UJfl& 18: PRINT "BECAUSE P1F330 DOHflTED ITS ELECTRON TO .FERREDOXIN 
"WHEN fiCTIURTED BV LIGHT, IT HPS fi NEED FOR AN ELECTRON. THEREFORE 
sIT ACCEPTS THE ONE PASSED 'DOHN' THROtjeHTHE CYTOCHROHE CHAIN.": GOSUB , 

^'2210 

530 UTAB 18: PRINT ''UNLIKE THE FORMATION OF NADPH 
, ONLY ONE 

MOLECULE OF FERREClOXIhl IS NEEDED TO DONATE AN- ELECTRON THROUGH THE CV 
TO- CHROME CHAIR BACK TO P1F330. 
535 INPUT "TO SEE FERREDOXIN ODNATE THE ELECTRON, PRESS <RETURN 
>..."jA$ 
540* PRINT M3$ 

550 UTAB 2: HTAB <14): PRINT " ":H = 14 

560 FOR S = 4 TO 11: UTAB S: HTAB (H): PRINT "IDO": GOSUB 2250: UTflB S: HTflB 

CH>: PRINT " " 
570- IF S < 7 THEN H.= H - 1: GOTO 590. 
580 IF S'> 7 AND S /< 10 THEN H = H - 1: GOTO 5S0 
-590 NEXT / 

600 UTAB 12: HTAB f 10>):, PRINT "l.D:0": GOSUB 2230: UTAB 12: HTAB'<10): PRINT 

" HTAB a©/: PRINT " " ■ . 

610 UTAB 3: HTAB a3): PRINT "FERREDOXIN": GOSUB 2230: UTAB 5: HTAB <16): 
PRINT "ADR 

": GOSUB 2220: UTflB 7: HTAB <16>: PRINT "ATP 
": UTAB 5: HJflB <16): PRINT "' "• 

620 GOSUB 2230: FOR S = 16 TO 37: VTAB 7: HTAB <S>: PRINT " ATP 
": GOSUB 2260: NEXT 

630 UTAB 7: HTAB C38): PRINT " AT . r 
GOSUB* 2280: UTflB 7: HTflB <39>: PRINT *" fl 

GOSUB 2260: UTflB 7: HTflB <40>: PRINT " ": GOSU^ 2228: GOSUB 2230 
640 UTflB 5: HTAB C40): PRINT "A": GOSUB 2260: UTAB 5: H^AB <.39J: PRINT " 

AD • 
-: GOSUB 2260: UTAB 5: HTf^B <38): PRINT "flDP 
": GOSUB 2^260 . ' 

650 FOR S = 37 TO 16 STEP - 1: UTAB 5: HTAB <S>: PRINT -"ADP 

GOSUB 2260: NEXT 
660'. IF CUE < .>'t;i THEN RETURN 
670 UfAB 18: PRINT "THE FORMATION OF fiTP 
IN THE CYCLIC PflTH-HflY KEEPS ATP 

SUPPLIED TO THE CELL IN • THE ABSENCE OF NON-CYCLIC PHOTOPHOS- PHORVLA 
riON.": GOSUB 2210 / 
680 PRINT "IF 'THERE IS A SURPLUS OF ATP 

, IT CAN JBE USED FOR OTHER. SYNTHETIC PROCESSES, IN ADDITION TO THE DARK R 
FACTIONS.-": GOSUB 2210 • ' , " ' 

690 INPUT P1F330 NON IN ITS GROUND STATE? "jA$ 

700 IF-A$ = "" THEN PRINT : INPUT "PLEfibE TRY TO ANSHER THE QUESTION-"jA 
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710 
720 



730 



740 



760 

770 
780 



THEN PRINT : PRINT :;i'i'OU ARE CpRRECT.": GOSUB 



$: GOTO 700" 
IF LEFT$ <fi$,U = "V" 

22-10: GOTO 730 ' ■ ' ■ . 

PRINT "VOU RRE INCORRECT. THINK RBOUT HHRT CAUSED P1F330 TO RETUR 
N TO- ITS GROUND STATE -IN HON-'CVCLIC PHOTOPHOS- . PHORVLRTI 
ON.": GOSUB 2210 . , ' 

PRINT "SINCE P1FS30 RCCEPTED, THE EL-ECTRON TWRT PRSSED THROUGH THE C ' 
VTOCHROHE .CHRIN, IT FULFILLECf ITS NEED FOR RH ELECTRON, THUSIT RETURN 
ED TO ITS GROUND STATE ENERGV LEUEL. ":• GOSUB 2210 ' 
INPUT "IS PS II- ' 
(P10230) INUOLUED IN CVCLIC PHOTOPHOSPHORVLRTION? "jR$ 

750 IF A$ = "" THEN PRINT : INPUT "PLERSE TRV TO ANSWER THE QUESTION-" ;fl 
$' " > 

IF LEFT$ <R$,1) = "N" THEN PRINT : PRINT "VOU RRE CORRECT.": GOSUB . . 
2210: GOTO 780 ' o c*- 

PRINT*: PRINT "YOUR RNSWER IS INCORRECT. ": 'GOSUB 2210 
PRINT "THE- ELECTRON HHICH FILLS THE 'ELECTRON HOLE' IN P1F330 CPS I 
• ) -IS CONSTONTLV RECVCLED, THUS THE REfiCTIUE MOLECULE IN PS II 

1 (P10230) IS NOT NEEDED TO DONRTE AN ELECTRON.": GOSUB 2210 
I 790 PRINT '^10230 WILL STILL BE ACTIVATED HHEN LIGHT STRIKES PS II 
, BUT IT WILL NOT BE ABLE TO'pRSS ITS EXCITED ELECTRON UERV FAR fiLONG J 
HE NON-CVCLIC PATHWAY WHEN THE PLANT IS UTILIZING THE I^VCLIC PATHHA 
V..": GOSUB 2210 .. • 

800 INPUT "PRESS RETURN TO SIMULATE LIGHT STRIKING P1F330. . - ";A$ 
810 PRINT 03r ^ • 

820 UTAB 13: HTAB (19): PRINT "LIGHT'^ 

": GOSUB -2220 " « *• 

830 UTAB i3: HTAB U0): PRINT "<": HPLOT 125,9d TO 85,99: GOSUB 2220: UTAB 
13: HTAB <6): PRINT "P1F330": GOSUB 2220: HCOLOR= O: HPLOT 12:3,98 TO 
65,99: UTAB 13: HTAB <10): PRINT " ": GOSUB 2220 

HPLOT 52,18 TO 52,95: UTAB 3:. HTAB <8): PRINT " ": GOSUB^20: HCOLOR= 
3: UTAB 13: HTAB (5): PRINT "P1^30 " 

FOR S = 13 TO 3 STEP - 1: HTAB^5>: UTAB S + 1: PRINT " ": UTAB S 
: HTAB (5): PRINT "P1F330": GOSUB 2260: NEXT '• 
UTAB 3:- HTAB <3): PRINT "P1F330 ": GOSUB Z'JSO • • 
UTAB 2: HTAB <6>: PRINT "1010": GOSUB 2230: UTRBr2: HTAB (6>: PRINT " 

UTAB 1: HTAB <7): PRINT "IDO": 60SUB 2230: UTAB Jl: HTAB <.7): PRINT 
" HTAB <8>: UTAB 1: PRINT "IDO" ' 
HTAB C8): PRINT "2": -UTAB 3: HTAB <3): PRINT "FlF33e+": GOSUB 2220 
UTAB 3: HTAB (3^: PRINT " ": UTAB 3: HTAB <4): PRINT "P1P330+" 
FOR S = 3 TO 12: HTAB <4): UTAB S: PRIWf" ": HTAB (4): PRINT "P ' 
1F330+": GOSUB 2260: NEXT *» 
UTAB 13: HTAB (4): PRINT " P1F330+" 

FOR S = 8 TO 12: UTAB 1: HTAB <S>: PRINT " ": UTAB 1: HTAB <S •♦■ 1>: PRINT 
".100": GOSUB 2250: NEXT 

UTAB 1: HTAB <13>: PRIHJ " ": UTAB 2: HTAB <8h PRINT "2": UTAB 2: HTAB 
<14'): PRiNT "100": HTAB^<13): PRINT "FERREDOXIN" 
940 UTAB 3: HTAB «>S): PRINT "a": hPLOT 52,18 TO 52,95 
950 CUE = 1: GOSUB 540 
960 UTAB 18: PRINT "AS LONG. AS 1> NADP 

-r MOLECULES ARE ©HAUAILABLE AND 2) LIGHT OF THE APPRO- PR.IATE WHUEL 

ENGTH IS PRESENT, THE EXCITED ELECTRON HILL CONTINUE TO CVCLE," 



840 

850 

860 
870 



880 
890 

900 

910 
920 

930 

940 
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: 60SUB 2210 . 
9?0 UTflB 19: PRIHT "THIS ENDS THE EXPLfiNftTION OF CVCLIC PHOTOPHOSPHOR . 
VLflTION. NEXT VOU HILL BE PRESENTED HITH 5 QUESTIONS. EflC)^ QOES- TI 
ON HAV DEAL HITH THE CVCLIC OR NON- CVCLLC PATHHflVS, OR .BOTH.": GOSUB 
2210 ■ ■ 

972 INPUT "HflUE VOU TAKEN THE UPCOMING QUIZ BEFORE (I.E. WILL THIS BE fl R 
EUIEH FOp. VOUr? "ifiS 

973 PRIHT U3$: IF LEFT$ < fl^/l )= "V" THEN 1400 

974 IF "LEFT* (0$,!) < > "N" THEN PRINT : INPUT "Pj-EflSE RE-ENTER-" ;fl$: bOTO 
973 

980 UTflB 19: INPUT "HHEN VOU ORE THROUGH EXfltllNING THE * CVCLIC PflTHHPi 

V SHOHN HERE, PRESS (RETURN 

> FOR THE FIRST iJlUESTION. REHEH- BER, VOU HILL 'GET fl CHANCE TO SEE THE E 

NHRE PATHHAV AGAIN LATER. ";A$ 
990 REM .QUESTIONS 
1000 PRINT CHR$ (25);U3$ 

1020 PRINT "1) CVCLIC 2> NON-CVCLIC 3) BOTH 1 8< 2": PRINT 

1030 PRINT "RESPOND TO EACH QUESTION BV B>ltERING THENUHBER 1, 2 OR 3, DEP 

ENDING ON HHICH CHOICE CORRECTLV ANSWERS THE QUESTION:" 
1040 UTAB 9: PRINT CHR$ (22): INPUT "HKICH PATHHAV PRODUCES NET ATP 
? "^;A$ ^ . ' 

1050 IF UAL (A$> = 3 OR LEFT$ (A$:,l> = "B" THEN SC(l) = 1: PRINT. : PRINT 

"VOUR A'NSHER IS CORRECT!": GOSUB 2218: GOTO lOS^i 
10S0 PRINT : PRINT "VOUR ANSWER IS INCORRECT. BOTH THE . CVCLIC ANU, NO 

N-CVCLIC PpTHHAVS PRODUCE ATP. . T 
HIS RESULTS IN A NET GAIN OF ATP " «. 

HHICH CAN BE USED IN THE DARK REACTIONS OF PHOTOSVNTHESIS OR IN OTHER SV 

NTHETIC" ' ' ^ . ' 

1070 PRINT "PATHHAVS WHEN IN SURPLUG.": GOSUB 2210 
1Q80 INPUT "WHICH PRTHHflV INUOLUES PS II ' . 

,? ";A$ • . • 

1090 IF UAL (A$> = 2 OR LEFT$ (A$,l) = "N" THEN SC(1> = SC( 1 ) + 1: PRINT 

' : PRINT "VOU ARE CORRECT. THE piCklC PATHHfiV ONj^VINUOLUES PS I 
.": GOSUB 2210: GOTO 1110 

1100 -PRINT :. PRINT "VOID ARE INCORRECT.' THE NON-CVCLtC IS THEONE HHICH INU 

OLUES PS II - ■ * 

AS HELL AS PS I. 

THE CVCLIC PATHHAV ONLY INUOLUES PS I 

GOSUB 2210 ' " - 

1110 .INPUT "HHICH PATHHAV PRODUCES OXVGEN? ";A$ " 
1120 IF UAL (A$> - 2 OR LEFT* (A^,l > = "N" THEN SC< 1 > = SCd + ir PRINT 

: PRINT "VOUR ANSHER IS CORRECT! HHEN LIGHT STRIK;ES-PS II 

, fl MOLECULE OF HATER SPLITS AND RELEASES OXVGEN.": GOSDB 2210: GOTO 

1140 

1130 PRINT : PRINT "SORRV* VOU ARE INCORRECT. SINCE THE NON-CVCLIC PATHHA 

V IS XHE ONE HHICH INUOLl'ESHATER, IT IS THE ONE THAT PRODUCES OX 
VGEN WHEN A WATER MOLECULE SPLITS.": GOSUB 2210 

1140 INPUT '.'WHICH PATHHAV TAKES PLACE ONLV IN THE LIGHT? ";A$ , 

1150 IF UAL (Af> = 3 OR LEFT$ (A4:,l) := "B" THEN SC(1> = SC(l) 1: PRINT 

: PRINT "VOU ARE RIGHT! ": GOSUB 2210: GOTO 1170 
1160 PRINT : PRINT "VOU ARE NOT RIGHT. THE ENTIRE PRQtESS OFPHOTOPHORPHOR 

VLflTION REQUIRES LIGHT. THEREFORE BOTH PATHWAYS REQUIRE LIGHT. RE 
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MEMBER .HOW 'THE PfiTHHflV GOT ITS NRHE.": GOSUB 2218 ^'^^ ^ _ ^ 
117Q . INPUT -P1F330 IS THE REfiCTIUE CHLOROPHVLL , , HUl^tULE OF HHILH P 

1180 IF UflL <fl$> = 3 OR LEFT$ <fl$,i> = "B" THEN SC<1> = SC< 1 > + J: PRINT 

• GOTH 1 

1190 'print TpRINT "SORRV, VOU ARE NOT CORRECT. VOU MUST HflUE F0R60TTE 
.N THAT P1F330 IS THE REACTIOEHOLECULE IN PS I . 

IS^^INUOLUED IN BOTH PATHWfiVS. ALSO, DO NOT FORGET THftT THE REACT lUE ^OL 

ECULE IN EACH " " • " ,-„^,r,- ,^t,-ucut cuotcm 

1200 PRInA'PI^^MENT SVSTEH DOES NOT HAKE UP THE ENTIRE PIbHENT SVSTEH 

* THERE ARE OTHER PIGMENTS INUOLUED ALSO. ": GOSUB 2216 . . ^ 

1210 (30X0 1^30 ^ * ' ^ ^ 

12-^0 PRINT "GOOD FOR VOU, VOU GOT THIS ^NE RIGHJ! VOU MUST HAVE REHEHBE 

RED THAT P1F330 IS . THE REACTIUE MOLECULE IN PS I 
* flND PS,. I 

IS INUOLUED IN BOTH PATHWAVS.": GOSUB 2218 
1230 PRINT CHR$ C25)iU3$iSC, = (.SCO;* / 5> * lOO: UTAB 4: PRINT "VUU CuRR 
ECTLV ANSHERED VSCCUi" OUT OF 5": PRINT "OF THESE QUESTIONS-": PRINT 
: PRINT "THIS GI'JES VOU A PERCENTILE SCORE OF": PRINT SCi";-:." 
'1235 PRINT : PRINT "KEEP THESE. OUEST IONS IN HIND WHEN VOU REUIEH THE SI 

HULRTION OF THE ENTIRE PHOTOPHiSPHORVLATION PATHHflV LATER ON." 
1240 UTfiB 22: IMPBT "PRE5S < RETURN 

> FOR A .HRITTF.H SUHMARV OF PHOTOPHOSPHORVLATIUN. ";A$ 

1260 PRINT^XHRrC25,^i03^-i PRINT "THE OUTSTAND I N(V FEATURES OF CVCLIC AND 

NON-CVCLIC PHOTjIiPHQSPHOftVLATrON ARE SUMMARIZED BELOW.": PRINT 
1-270 PRINT "NON-CVCLIC - . 

:": PRINT " 1) INUOLUES PS.I " v * 

■ RND PS U , . ■ . • 

": PRINT " 2> PRODUCES ATP ■ • • 

-•'^PRiNT^" 3> CAUSES WATER " TO SPLIT 9ND. RELEASE 
1280 PRINT "CVCLIC 
:":• PRINT " i> INUOLUES PS I 
ONLV": PRINT " 2.) PRODUCES ATP ■ . 
BUT- NOT NADPH 
•: PRINT " 3; DOES NOT INUOLUE WATER, THEREFORE 

CED " • GO^UEi 1 0 * ' 

1290 UTAb'3: PRINr"HELL, THAT SUMS UP PHOTOPHOSPHORVLATION. PRESS <RETURN ^ 

> FOR ONOTHER LOOK AT THE " SifiULATION OF THE ENTIRE PHOTOPHOS- ^^PHORVLA 

TION PATHHAV. HOPEFULLV IT WILL, HELP VOU PULL TOGETHER THE INFOP^ATI 
. ON" 

1-29S PRINT. "PRESENTED IN T>i IS MODULE " . ... 

1300 PRINT : INPUT "REMEMBER, MANV OF THE REACTIONS IN. THEbEPATHHA.S^ ULLU • 
R SIHULAT^^NEOUSLV IN THE CHLOROP.LASTS OF EACH PHOTOSVNTHETIC CE 
LL, NOT ONE AT A TIME AS SHOHN IN THISPROGRAH. " 
1310 PRINT U3S: PRINT "PLEASE BE PATIEKT WHILE THE PROGRAH IS LOADING:... 

": PRINT CHR$ (.4); "RUN PHOTOPHOS 4"-: END . " _ 

1400 PRINT CHR$ <.25y;U3$: PRINT "SINCE. THIS IS A REUIEH FOR VOU, WOULD 

VOU LIKE TO": PRINT : PRINT " 1> TAKE THE QUIZ AGAIN": PRINT : PRINT 
2) GO ON TO THE SUMHARV" 



OXVGEN.": PRINT 



OXVGEI^ IS NOT PRODU 
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-140^ PRINT : PRINt "OR 3) EXIT FROM THE PROGRflH" 

1410 PRINT : INPUT "(1 OR Z "iflf 
•4420 IF UflL (fl^) = 1 THEN lOtiC 

1430 IF UflL (.nS) = 2 THEN 1260 

1440 IF Ufll. KUS> = 3 THEN PRINT U3$: PRJNT » "JHOPE VOU ENJOVED THIS PROGR 

AH flNDv , BENEFITTED FROM IT.": -'PRINT "BVE FOR NON.": END ^ 
1450 PRINT : IHPJT "PLEASE RE-ENTER 1,2 OR 3..,";^$: GOTO 1428 
2000 REM DRhH PflTHHflV SUBROUTINE 
•2010 PRINT CHR> v25>iy3$: HiPiB C 1 >: UTfiB 12;- PRINT CHR^ <23>i"ENER6V 
" i ' CHR^ 25 ' ■ i ■ ' ' 

2020 PRINT CHR^ <.26>; C,HR^ (12> " . . 

HThB (1,>! UTflB 1: PRINT "HIGH": HTfll5 <.8>: PRINT "Z":" HTflB <13>: PRINT 
FERREDOJilN": HTflB U >: UTflB lb: PRINT "LOH" 
MThB 3: HTPlB K\2>: PRINT ">": HPLOT 156,20 TO 181,20 
HPLOT 57/11 TO 79,19 ^ 
UThB 2: HThB (27): PRINT F$ . ^' 

UThB 4: HThB <.29>: PRINT "NflDP • . 



2030 



2040 
2050 
2060 
2070 
+" . 
2080 
2090 
2100 

2110 
21-20 
2130 
2140 
2150' 

II 

2160 
2170 
2180 
2190 
2200 
2210 
> TO 
2220 
2230 
2240 
2250 
2260 



FOR S = 2 TO 15 STEP 3: HThB <3): UTflB S: PRINT 
UTfiB 13: HTflB '.G): PRINT "P1F330+" 
UThB 15: HTflB <.6): PRINT "(PS I 

UThB 3: HThB <.8): PRINT "^" 
HPLOT- 52,18 TO 52,92 
UThB 9: HThB (ll): PRINT "CVT" 



NEXT 



UTfiB 5: HTh6 C14): PRI+ILE$ 
UThB 5: HTHB <16): PRlNT^fl 



UTfiB 12: HTflB <9>: PRINT "1L0" 
HPLOT 102,25 TO 79,'B3: HPLOT 73,73 TO 63,37 
HPLOT 0,135 TO 279,133 
UThB 18: PRINT CHR$ (22 J»: RETURN ' 
REM PhUSE !5: PRESS RETURN SUBROUTINES 
UTflB 24: INPUT "PRESS < RETURN 
CONTINUE" ;H$: PRINT U3$: RETURN 
FOR PflUSE = 1 TO 1200: NEJ^T : REWRN 
rOR Pfl = 1 TO 4t)0: NEXT : RETURN 
FOR Pfl = 1 TO 180: NEXT : RETURN 
FOR Pfl = 1 TO 300: NEXT ^.RETURN 
FOR PR = 1 TO 100: NEXT : RETURN 
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160 GOTO i:00 
110 POKE 103,1 
120 CfiLL 1002 
130 CHLL 6144 

140 PRINT CHRf 16.:': INPUT " PLEASE DON a PRESS < RESET 
> DURING THIS PROGRwH' PRESS sRETURU 
• > TO RESTART THIS PmRT uF THE PROSRflM. " iflJ: 
200 REM THIS PROORhM WhS DEUELOPED -BV THE SUMIT I COURSEHfiRE DEUELOPMEHT 
PROJECT^-ftEPHRTMENT OF BIOLUblCflL SCIENCES, MICHIGAN TECHNOLOGICfiL U 
NIXJERSITY, HOUbHTON, MI 49S31 
210 REM THIS MftTERtAL IS BfiSED UPON WORK. SUPPORTED BV THE NfiTIONflL SCIEN 

CE FOUNDfiTION UNDER GRflMT NUMBER SED-791S051 
220 REM PlNV OPIMIOrfS, FINDIHGSi HMD CONCLUSIONS OR RECOMMENDATIONS EXPRE 
SSED IN THIS PUBLICATION PlRE THOSE OF THE AUTHORS AND DO NOT NECESSAR 
ILY REFLECT THE "lEHS OF THE NATIONAL SCIENCE 'FOUNDATION 
230 RE,M SUBPROGRAM PHOT0PH0S_4 ) OF PHOTOPHOSPHORVLATION 
240 REM BASED ON PUt:LICA FIONS BV STRVER (1981) AND LEHNINGER (1975) 
- 250 REM DESIGNED gV CATHERINE LEECE . 
. 260 REM PROGRAMMED BV CATHERINE LEECE 
270 REM INTITIALIZE ','ARIABLES 

280 V3$ = CHRi: (.16,': PRINT 03$: CUE = O ■ " ' 

290 PRINT CHrt$ (. II'.' ■ , ■ 

300 F$ = " 

IflBEIJO" ' ■ ' 

310 Bf = "1 GHKL MO" _ 

320 E$ = "IfiJEIBO" 

400 REM MAIN PROGRAM **** 

440 REM MAIN PROGRAH/NOM-CVCLIC PATHWAV 

450 PRINT CHR$ (SS.^'j CHR* C 12X: G0SUB*»1378 

460 UTPB 23: HTAB (£.>: PRINT PRESS <ESC 

>^EV TO STOP **" 

4-f8 OTAB 14: HTAB U7;': PRINT "LIGHT 

II d • ' 

480 OTAB 17: HTAB (7.': PRINT "HI 000." 
490 FOR Q = 1 TO 40 . ^ 

500 GOSUB 1950: IF PEEK (. - 16384> = 155 THEN 1260 

510 UTflB 17: HTAB (31.^: PRINT ">": HPLOT 150,108 TO 212,131: GOSUB 1958 
520 UTAB 17: HTAB k3Z>i PRINT "P10230": GOSUB 1850: HCOLOR= O: HPLOT 150, 

108 TO 212,131: "TAB 17: HTAB <3l ): PRINT " ": GOSUB I960 
530 IF S-.= }. THEN HPLOT 227,67 TO 227,123 
540 HC0l!;0R=u3: UTAB 9: HTAB (33^: PRINT " ": GOSUB I960 
550 FOR S =\l6 TO 9 STEP - 1: HTAB'<32>: UTAB S + 1: PRINT " ": UTflB 

S: HTAB K^^i PRINT "P10230": GOSUB 1980: NEXT 
560 IF PEEK'.C ^ 16334.;' = 155 THEN 1260 

570 V UTRB 9: fjTAB <.32.)-« PRINT " ": UTAB 8: HTAB <35>: PRINT "P1023O" 
580 UTAB 7: HJAB <. 36 .<: PRINT "100": GOSUB I960: UTAB 7: HTAB (;36>: PRINT 

" UTflB 6: HTAB (35^: PRINT "IDO": GOSUB I960: UTAB 6:. HTAB (.3€>)z PRINT 

ii li > 

590 UTA'B 6: HTAB (.34 ,i: PRINT "IDO": GOSUB- I960: UTAB 6: HTAB (34;: PRINT 

" ": UTAB 7: HTAB (.33): PRINT "IDO": HTAB <35): PRINT "P10230+": GOSUB 
1960: UTAB 8: HTAB k33>z PRINT "Q" • ■ 

600 IF PEEK <. - 16384; = 155 THEN 1260 * 
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610 UTflB 8: HTfiB'(35): PRINT " ": FOR S =4 TO 17: UTRB 3: HTRB (32): 
PRINT "P10230+": GOSUB- 1980: IF S < 17/tHEN UTflB S: HThB <^Z): PRINT 
":.NEXT 

/'I30 SPEED='l50:™V?7: HTfiB <7): PRU^T "H1O0O 1JB0 2100 + 1COO1O0 + 2H+ 
": SPEED= 255 - ' - . 

•640 GOSUB 1950 • • ■ - 

650 GOSUB I960: UTflB 17: HTflB <7>: PRINT "HIOOO" 
660 GOSUB 1950 • • 

670 W CUE = 2. THEN UTflB 17: HTflB <15): PRINT ":CUE = 8: GOTO 6y0 
680 UTflB 17: HTflB a4.': PRINT " " ' , _ 

690 UTflB 16: HTflB US,^: :PRINT GOSUB 196^:* IF PEEK ( - lboy4; = 15 

5 THEN 1260 , . - 

700 GOSUB 1950 

- 710 FOR S = 15 TO 35: UTflB 16: HTflB <S>: PRINT " ": UTflB 16: HTflB <b + 1,' 
: PRINT "1D0": GOSUB 1988: NEKT 
720 GOSUB' I960: UTflB 16: HTflB <36>: PRINT " ": HTflB <36>: PRINT " 
730 UTflB 7: HTflB (33): PRINT " ": GOSUB 1980 

740 U = 7:.F0R S = 32 TO 11 STEP - 1: HTflB (SP: UTflB U: PRINT "Ipy": GOSUB 

1980: IF S < > 11 THEN HTflB (S>: UTflB U: PRINT " 
750 IF PEEK ( - 16384) ="155 THEN 1260 ^. 
TSft^^ S < 31 THEN U = 8: IF S < 27 THEN U = 9: IF.S < 2d THEN U = IW: IF 
SO 17 THEN U =■ 11: IF S < 13 THEN U = 12 
/0 NEXT 

✓780 GOSUB I960 -v ^ ..^^^ 

W90 UTflB 12: HTflB (It): PRINT \ ": HTflB. (10): PRINT " ": UTflB 8: HTflB 

): PRINT "iJ!" . \ I 

800 GOSUB 1950 . \ / 

B10 UTflB 12: HTflB (28): PRINT "flOP 

^'^z GOSUB 1950: GOSUB 1950: UTflB 12: HTflB (22): PRINT "flTP 

820 GOSUB 1950: FOR S = 22 TO 37: UTflB 12: HTflB (S>: PRINT " flTP 
": GOSUB 1980: NEIiT , > 

830 UTflB 12: HTflB (38): PRINT " flT . / 

GOSUB 19S0: OTflB 12: HTflB (39): PRINT " fl 
»: GOSUB 1980: UTflB 12: HTflB (40): PRINT " ": GOSUB 1940 
840 IF PEEK ( - 16384) = 155 THEN 1260 ^ ^ 

850 UTflB 12: HTflB (40): PRINT "fl": GOSUB 1980: UTflB •12s^TflB (39): PRINT 

"flD 

": GOSUB 1980: UTflB 12: HTflB (38>: PRINT "flOP 
. ": GOSUB 1980 

8B0 FOR S = 37 TO 28 STEP - 1: UTflB 12: HTflB (S): PRINT "flOP 

": GOSUB 1980: NEXT 
870 HPLOT 108,106 TO 75,99 * ' ' . ..... 

680 GOSUB 1950: UTflB 13: HTflB (6): PRINT "P1F330": GOSUB ly5y: HlOLOR= 8: 

HPLOT 108,106 TO 75,99: GOSUB l'960 
890 IF Q = 1 THEN HPLOT 52,18 TO 52,95: UTflB 3: HTflB <8): PRINT " " 
900 HCOLqR= 3: UTflB 13: HTflB (5): PRINT "P1F330- " 
910 IF PEEK ( - 16384) = 155 THEN 1260 
920 HTflB (11):- UTflB 12: PRINT " " - . 

930 FOR S -13 TO 3 STEP - 1: HTflB (5): UTflB S + 1: PRINT " ": UTflB S 
: HTflB (5): PRINT "p;R530":^OSUB 1980: NE>a ^ | 
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9*^0 UTfiB 3: HTfiB <.3): PRINT "P1F330 ": 30SUB 1959 

950 UTfiB 2: HTfiB <.&>: PRINT "IDG": GOSUB 1970: UTfiB 2: .HTfiB <.Sj: PRINT " 
": UTfiB 1: HTfiB {?): PRINT "IDS": SOSUB 1979: UTfiB 1: HTfiB <7)j PRINT 
": HTfiB <Qr. UTfiB 1: PRINT "IDO" . S 

960 HTfiB (8>: PRINT "^": UTfiB 3: HTfiB <3): PRINT "P1F330+" 
970 . GOSUB 195u: IF PEEK - 1638.4 > = 155 THEN 126Q 

980 UTfiB 3: HTfiB <.3): PRINT " -": UTfiB 3: HTfiB <4): PRINT "PlF33e+'' 
990 FOR S = 3 TO 12: HTfiB ' 4): UTfiB S; PRINT " HTfiB <4): PRINT. "P 

1F330+": 60SUB 1930: NEXT ' . . i . 

1&0J0 UTfiB 13: HTfiB H): PRINT " P1F330+" 

1B10 FOR S = 8 TO 12: UTfiB 1: HTfiB <.S): PRINT " ": UTfiB 1: HTfiB <S +' 1): PRINT 

"IDO": bOSUB 19S0:. NE: :T 
1020 UTfiB 1: HTfiB (. 13;t PRINT " ": UTfiB 2:- HTfiB <.8): PRINT "2": UTfiB 2: HTfiB 

<14): PRINT "lDO"i HTfiB (14): PRINT "FERREDOXIN" 
1030 ■ IF PEEK. <. - 16384) = 155 THEN 1269 
1040 I(^ CUE = 3 THEN CUE = 0: 60Tu 1640 

1050 IF INT CQ / 2) < .> G! / 2 THEN CUE = 2: UTfiB 2: HTfiB (I'fi): PRINT'" 

"s TflEK 16); "lb 100": 60T0 1249 
1060 UTfiB 16: HffiB (.26): PRINT "H+": HTfiB (25): PRINT " ": UTfiB 15: HTfiB 

(26): PRINT "H+.'»: HTfiB (26): PRINT " ", 
J070 FSR S = 26 TO 34: HTf.'B <S): UTfiB 15: PRINT " H+": 60SUB 1980: NEXT 
1080 FOR S = 15 TO 5 STEP - 1: HTfiB (35): UTfiB S: PRINT " ": HTfiB (35): 

'UTfiB S - 1: PRINT "H+": GOSUB 1980: NEXT 
1090 UTfiB 17: HTfiB (11): PRINT " ' . " 

1100 FOR 8, = 14 TO. 21: UTfiB 2: -HTfiB (S): PRINT " ID DO": GOSUB 1930: NEXT i 

1110 IF PEEK ( - 16384) = i55 IHEN-iS&O " 

1120 UTfiB 2: HTfiB (23;: PRINT " ": UTfiB 5: HTfiB (25): PRINT "JDO": GOSUB 

1980: UTfiB 2: HTfiB (25): PRINT " ": UTfiB 5: HTfiB (27): PRINT "IDO": GOSUB 

1980 * * 

1130 FOR 8 = 25 TO 29: UTfiB 5: HTfiB (S): PRINT " ID DO": GOSUB 1970: NEXT 

1140 UTfiB 5: HTfiB (33): PRINT " ": UTflB 1: HTfiB (13): PRINT " 

GOSUB I960: UTfiB 5: HTfiB (31): PRINT " IDO": UTfiB 5: HTfiB <33): PRINT 
' " ": UTfiB 3: HTfiB ( 14,): PRINT "FERREDOXIN" 
U50 UTflB 4: HTfiB (29): PRINT "NfiDP H 

GOSUB 1950: GOSUB 1950: UTflB 2: HTflB (29): PRINT "NflDPH 
": UTflB t: HTflB (29): PRINT " " i 

1160 IF PEEK ( - 16384) = 155 THEN 1260 

1170 GOSUB 1960: FOR S = 29 TO 35t UTflfe 2: J^TflB (S): PRINT " NflDPH 
": GdSUB 1980: NEXT 

1180 UTfiB 2: HTfiB (36): PRINT " NfiDP 

GOSUB 198p: UTfiB 2: HTfiB (37): PRINT " NfiD «« 
": GOSUB 1980: UTfiB 2: HTflB (38): PRINT'" Nfi , 
": GOSUB 1980: UTflB 2: HTfiB (39): PRINT " N": GOSUB 1980 
1190 UTfiB 2: HTfiB (49): PRINT " ": GOSUB 1940 

1200 IF. (Q / 2) .'• 2 < > INT ((Q / 2) / 2) THEN JCUE = 3: ^UtfiB 3: HTfiB (1 

3): PRINT " ": GOTO 1230- 
1210 UTflB 4: HTfiB (40): PRINT "N": GOSUB 1980: UTflB 4: HTflB (39): PRINT " 

Nfl *' 
": GOSUB 1980: UTflB 4: HTflB (38): PRINT "NfiD 
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60SUB 1980: UTflB 4: HTAB <37): PRINT "NflDP 
": GOSUB 1980: UTftB 4: HTfiB <36):,' PRINT "NflDP ) 
GOSUB 1980 * . / 

1220 FOR S, = 35 TO -29 STEP - 1: UTfig 4: HThB <S>: PRINT "NflDP+ / 
": GOSUB 1980: NEXT 
1230 IF PEEK < - 16384) = 155 THEN 1260 
1240 NEXT Q 

1250 REM END SIHULfiTION 

1260 POKE - 16368,0: UTflB 14: HTflB <17>: PRINT "LIGHT 
": GOSUB 1940 

. 1270 UTflB 23: PRINT CHRf <5): UTflB 23: INPUT "PRESS <RETURN . 

> WHEN VOU flRE THROUGH EXAMINING THIS DIflGRflH"jfl? 

1280 PRINT CHR$ <.25>iU3$: PRINT "NOH THAT VOU yflUE EXflHJNEP THE COH- 

/f*ONENTS OF PHOTOPHOSPRORVLflTION, AND REUIEHEOr THE SIMULATION OF T 
*HE ENTIRE PflTHWAY, THE SlidULfltlON OF PHOTO- -SVNTHETIC PRODUCT 

S BEING FORMED AND" ' ' ' ■ 

.1290 PRINT "USED SHOULD HAKE MORE SENSE.": PRINT : INPUT "PRESS <RETURN 

> TO REUIEH THE SmJLflTION OF PHOTOSYNTHESIS. fiFTERHARDS YOU MAY EXIT TH 
^ E PROGRAH ORfRE<i»IEW ANY OF ITS - SECTIONS. ";fl$ " . 

1^ PRINT U3$: PRINT "PLEASE BE PATIENT WHILE THE PROGRflM IS LOADING... 

": PRINT eHR$ <4);"RUN PHOTOPHOS 5": END 
^360 REM DRflW PATHHflY SUBROUTINE 

1370 PRINT CHR$ <2d)jU3$: HCOLOR= 3: HTflB <1>: UTflB 12: PRINT CHR$ <23> 
■ i "ENERGY ^ . 

1380 HTflB (1): UTflB 1: PRINT "HIGH'.': HTflB <8): PRINT "Z": HTflB <13>: PRINT 

"2FERRED0XIN": HTAB Cl'>: UTflET ITr-'PRIHT "LOH" 

1390. UtflB 3: HTflB <12>: PRINT ">": HPLOT 162,20 TO 181,20 

1400^ HPLOT 57,11 TO 79,19 

■1410 UTAB 2: HTAB <27>: PRINT F$ 

1420 UTflB 4: HTflB <29.): PRINT "NflDP 'V ' 

+" . • • 

1430 FOR S = 2 TO 15 STEP 3: HTflB <3): UTflB S: PRINT "-": NEXT 

1440 HTAB <33>: UTAB 8:. PRINT "Q" 

1450 UTAB 17: HTAB (32): PRINT "P10230" 

1460 UTflB 13:' HTAB <6): PRINT. "P1F330+" 

1470 UTAB 3: HTflB <6): PRINT • . . 

1480 HPLOT 52,18.. TO' 52,92 

1490 UTflB 9: HTAB<50i33): PRINT "^" . ' 

1500 HPLOT 227,67 TO 227,123 

1510 UTAB" 11: HTAB <19): PRINT "CYT" 

1520 UTflB 13: HTflB (11): PRINT "<" 

1530 UTflB 10: HTflB (24): PRINT B$ 

1540 HPLOT 221,62 TO 147,80: HPLOT 123,86 TO 72,100 

1550 UTflB 9: HTflB <11): PRINT "CYT" ; 

1560 UTflB 12: HTflB <28): PRINT "ADP 

1570 UTflB 5: .HTflB (14): PRINT E$ 
1580 UTflB 5: HTflB (16): PRINT "flDP 

M 

1590 UTflB 12: HTflB (9): PRINT "1L0" " ■ 

1600 HPLOT 102,25 TO 79,63: HPLOT 73,73 TO 63,87 ' 
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1618 HPLOT 8,170 TO 279,170 

* > 1620 ufflB 19: PRINT CHR$ (22): RETURN ^ ^ , 

1630 REH CVCLIC PftTHHfiV- 

1640 FOR R = 1 TO 2: UTOB 2: HTflB (14): PRINT " ":H = 14 

1650 IF PEEK ( - 16384) = 155 THEN 1269 

1660 FOR S = 4 TO 11: UTflB S: HTflB (H): PRINT "1D0": GOSUB 1380: UTflB S: HTflB 
(H): PRINT " " 

' 1670 IF S < 7 THEN H = H - 1: GOTO 1690 ' 

1680 IF S > 7 flND S < 10 THEN H = H - 1: GOTO 169@ 

1690 NEXT 

1780 UTflB 12: HTflB (10): PRINT "1D0": GOSUB 1960: UTflB-12: HTflB (10): PRINT 

" ": HTflB (10): PRINT " " , • . 

1710 .UTflB 3: HTflB 04): PRINT, "FERREDOXIN": .UJflB 5: HTflB (16): PRINT "flOP 

": GOSUB 1950: GOSUB 1950: UJflB 7: HTflB (16): PRINT "ATP 
* **: UTflB 5: HTflB (16): PRINT . . . - 

.1720 GOSUB 1950: FOR S = 16 TO 37: UTflB 7: HTflB <S): PRINT " flTP 
": GOSUB 1980: NEXT ' 
~ 1730 IF PEEK ( - 16384) = 155 THEN 1260 ^ 

1740 .UTflB 7: HTflB (38): PRINT "AT ^ ■ 

' ": GOSUB 1380: UTflB 7-. HTflB C39>: PRINT " fl": GOSUB 1980: UTflB 7: HTflB (40 
):r PRINT " ": GOSUB 1946 ' ' - 
1750 .UTflB 5: HTflB (40): PRINT "fl": GOSUB 1980: UTflB. 5: HTflB <39): PRINT " 

flp ' <.:: -^ — . . . - , 

": GOSUB 1930: UTflB- 5: HTflB <38>: PRINT "flDP 
'*: GOSUB 1980 

1760 FOR S = 37 TO 16 STEP - 1: UTflB 5:, HTflB (S): PRINT "flDp- 

": GOSUB 1980: NEXT 
1770 IF P^EK ( - 16384) = 155 THEN 1260 

1780 HPLOT 108,106 TO 75,99: GOSUB 1950: UTflB 13: HTflB (6): PRINT "P1F33 

0": GOSUB 1950: HCOLOR= 0: HPLOT 108,106 TO 75,99: GOSUB 1960 
1790 HCOLGR= 3: UTflB 13: HTflB <5): f^RINT "P1F330 ." 
1800 HTflB <1U: UTflB 12: PRINT " " 

1810 FOR S = 13 TO 3 STEP - 1: HTflB (5): UTflB S + 1: PRINT " ": UTflB 

S: HTflB (5): PRINT "P1F330": GOSUB 1980: NEXT 
1820 UTflBcS: HTflB <3): PRINT "P1F330 ": GOSUB 1950 

1830 UTflB 2: HTflB (6): PRINT "IDS": GOSUB 1970: UTflB 2: HTflB (6): PRINT " 
": UTflB 1: 'HTflB (7).: PRINT "1D0": GOSUB 1970: UTflB t: HTflB (7): PRINT 
" ": HTflB <8): UTflB 1: PRINT "IDO" 
1840 GOSUB 1950: IF PEEK ( - 16384) = 155 THEN 1260 

1850 UTflB 3: HTflB i^y. PRINT " ": UTflB 3: i^TflB <4): PRINT "P1F330+" 
1860. FOR S = 3 TO 12: HTflB <:4): UTflB S: PRINT " ": HTflB C4): PRINT " 

P1F330+": GOSUB 198©: "NEXT , . ^' , 

1870 UTflB 13: HTflB (4): PRINT " P1F330+" 

1880- FOR S = 8 TO 12: UTflB 1: HTflB CS): PRINT ^ ": UTflB 1: HTflB (S + 1): PRINT 

"100": GOSUB 1980: NEXT 
1830 UTflB 1: HTftB (13): PRINT " ": UTflB 2: HTflB <8): PRINT "2": UTflB 2: HTflB 

(14): PRINT I'lDO": HTflB (14): PRINT "FERREOOXIN" 
1900 GOSUB 1950 

1910 NEXT : UTflB 3: HTflB (13): PRINT "2"' 

1920 UTflB 2: HTflB (14): PRINT " "; TflB< 16): PRINT "100": GOTO 1210 
1930 REH PflUSE SUBROUTINES ' . 
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1940 FOR" PAUSE = 1 TO 1200:- NEXT : RETURN 

1950 FOR PA = 1 TO 200: NEXT : RETURN 

1960 FOR PR =■ 1 TO ISO: NEXT : RETURN 

1970 FOR Pfl = 1 TO 80: NEXT : RETURN 

1980 FOR PR = 1 TO 55: NEXT : RETURN 



if 
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100 GOTO 20Q 
lie POKE 103,1 

120 CALL 1092 ' . * • 

130 CALL 6144 

140 PRINT CHR$.<:i6;': INPUT "PLEASE DON^ PRESS <RESET 

> DURING THIS PROGRPH! PRESS < RETURN • 

> TO RESTART THIS PART OF Thfe PFiOGRAH. ";A$ 

200 REN- THI^ PROGRAM HAS DEUELOPED BV THE SUHIT I COURSEWARE DE'?ELOPMENT 
PROJECT, DEPARTMENT OF BIOLOGICAL SCIENCES, HI CHIGBbL TECHNOLOGICAL U 

NIUERSITV, HOUGHTON, MI 49S31 r ,^ — 

210 REM THIS MATERIAL IS BASED UPON HQBK SUPPORTED BV THE NATIONAL SCI EN 

CE FOUNDATION UNDER GRANT NUtieEFrSED-79 13051 * 
220 REM fiNV OPINIONS, FIWWt<63, AND CONCLUSIONS OR RECOMMENDATIONS EXPRg 

SSED IN THIS PUBtlCflTION ARE THOSE OF THE AUTHORS AND DO NOT NECESSAR 

ILV REFLECT THE UIEWS OF THE NATIONAL SCIENCE FOUNDATION 
230 REM ' SUBPROGRAM < PHQTQPHOS 5) .OF PHOTOPHOSPHORVLATION 
240 REM BASED ON PUBLICATIONS BY STRVER (.1981 > AND LEHNIN6ER (1975) 
250. .REM DESIGNED BV CATHERINE LEECE 
260 .REM PROGRAMMED BV CATHERINE LEECE 
270 REM' INTITIALI2E UARIABLES 
280 U3$ = CHR$ (16): PRINT U3$ ' 

290 PRINT CHR$ (12) >- , .. 

1310 PRINT U3$ 

1320 UTAB 23: HTfiB (6^: PRINT PRESS <ESC 

> KEV TO STOP' **" 

133& UTAB 20: PRINT CHR$ (22) 

1340 HPLOT 39,30 TO 39,105 TO 99,105 TO 99,30 TO 39,30: HPLOT 179,3.0 TO 1 

79-, 103 TO 239,105 TO £39,30 TO 179,30 * . ' 

1350 UTAB 8: HTAB (8): PRINT "LIGHT": HTAB (7): PRINT "REACTION": UTAB 8: 

HTAB (29): PRINT "DARK": HTAB (27): PRINT "f^lE^CTiON" 
1360 UTAB 1: HTAB (8): PRINT "LIGHT 

"5 UTAB 1-6: HTAB CD: PRINT "MOOO" * ' 

1370 FOR U = 1 TO 20 - » 

1380 GOSUB 2230: FOR S = 1 TO 2 . 

1390 HPLOT 66,8 TO 66,29 TO 70,24: HPLOT ^,24 TO 66,29 
1400 GOSUB £230 

1410 UTAB 1'6: HTAB(l): PRINT "HIOOO" 

1420 UTAB 16: HTfiB (5): SPEED= ISO: PRINT "IJEO 21D 0+ 2H+ + ICOOIOO"- 
1430 GOSUB 2230 

1440 UTAB 16: HTfiB (1): fRINT "KIOOO" 

1450 HCOLOR= 0: HPLOT 66,8 TO 66,29 TO 70,24* HPLOT 62,24 TO 66,29: HCOLOR= 

1460 SPEED= 255: UTAB 15: HTAB (8): PRINT "100": HTAB (8): PRINT " GOSUB 

2260: UTAB 15: HTAB (9): PRINT " ": UTAB 13: HTAB (9): PRINT "IDO" 
1470 GOSUB 2250: UTAB 13: HTAB (S): PRINT " " 

1480 GOSUB 2250: UTAB 16: HTfiB (9): PRINT " ": UTflB 15: HTAB (9): PRINT " 

, 1 

00": GOSUB 2260: UTflB 15: HTAB (9): PRINT " ": UTAB 13: HTfiB (9): PRINT " 

1D0": GOSUB 2250: UTAB 13: HTAB (9): PRINT " ", 
1490 IF PEEK ( - 16384) = 155 THEN 1900 

1500 GOSUB 2230: UTAB 15: HTfiB (13): PRINT "H+": HTAB (13): PRINT " ": GOSUB 
2260: UTAB 15: HTAB (13-): PRINT " ": UTAB 13: HTAB (13): PRINT "H+": 
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60SUB 2250:' UTfiB 13: HTfiB (13): PRINTS »^ . . x fcoT^.x 

1510 • GOSUB 22^0: UTfiB 16: HTfiB <14):-?RINT " ": UTfiB 15: HTfiB (13): f-RINT 
-H+": GOSUB 2266: UTfiB 15: HTfiB (13): PRINT " ": UTfiB 13: HTfiB (UO: 
PRINT "H+": GOSUB 2250: UTfiB 13: HTfiB (13): PRINT " " 
1520 GOSUB 2230i, IF PEEK (, - 16^84) = 155 THEy 1900 
1530 NEXT S \ 

1540 UTfiB 16: HTfiB (5>: PRINT " ^ 
- /550 UTfiB 6: HTaB\(26): PRINT. ">": HPLOT 100*4.^ TO lbl,4.A 

1570 UTfiB^57 HTfiB Ls): PRINT "P": GOSUB 2260: UTfiB 5: HTfiB (16): PRINT " 

TP \ ' 

.": GOSUB 226.0: UTfiB ^ HTfiB (16>: PRIKJ -"RTP • ■- ■ 

": GOSUB 226^1 ■ n 

1580 FOR S = 16 TO 22- UTte'5: HTfiB ^(8): PRINT " ATP 
GOSUB 2260: NEXT : UTfiB 5: HTfiB (23): PRINT " RT 

GOSUB, 2260: UTfiB 5: HTfiB (24 >: PRINT " fi": GOSUB 2260: UTfiB 5: HTfiB (25 
): PRINT " " 

1590 IF PEEK ( - 16384) = 155 THEN 1800 / . _ 

1600 NEXT Qr UTfiB 11: HTfiB (26): PRINT ">": HPLOT 100,83 TO lyl,y^ • 

1610 FOR.T -= 1 TO 2: UTfiB 10: HTfiB (16): PRINT "H": GOSUB 2260: UTfiB ^0: HTfiB 

(1-6): fjyNT "PH 
": GOSUB 2260: UTfiB 10:- HTfiB (16): PRINT "DPH 
": GOSUB 2260: UTfiB 10: HTfiB .(16): PRINT "flDPH 
": GOSUB 2260: UTfiB 10: HTfiB (16): .PRINT "NfiOPH • 

' 1630 FOR^S =^16 TO 20: UTfiB 10: HTfiB (S): PRINT " NfiOPH 
• ": GOSUB ^260: NEXT : UTfiB 1@: HTfiB (21): PRINT " NfiDP 
": GOSUB 2260: UTfiB 10: HTfiB (22): PRINT " NfiD 
GOSUB 2260: UTfiB 10: HTfiB (23): PRINT " Nfl 

1640 GOSUB 226fi: UTfiB 10: HTfiB (24): PRINT " N 

1650 GOSUB 22^: UTfiB 10: HTfiS (25): PRINT " ": GOSUB 2260: IF PEER ( - 
16384) = 155 THEN 1800 ' . . • * 

1670 HCOLOR= 0: HPLOT 180,43 T0A81,43: HTfiB (26): UTfiB 6: PRINT " ":. HPLOT 
100,83 TO 181,63: HCOLOR= 3: HTfiB (26): UTfiB 11: PRINT " HPLOT 179 . 
,30 TO 179,105 

1680 GOSUB 2230 

1690 HPLOT 242,0 TO 221*29: HPLOT 170,0 TO 192,'29: FOR S = 1 TO 4t HTfiB ( 

29): UTfiB (S): PRINT "COIOQ": IF S = 1 THEN GOSUB 2238: GOTO a7lw 
1700 GOSUB 2260 

1710 HTfiB (28): UTfiB (S): PRINT " NEXT : HPLOT 179,30 TO 239,30 ^ 

1720 HCOLnR= 0: HPLOT 242,8 TO 221,29: HPLOT 170,0 TO 192x29: HCOLOR= 3 
1730 GOSUB 2230: UTfiB 6: HTfiB (15): PRINT "(": HPLOT 97,43 TO 178,43 
1740 FOR G = 1 TO 3: UTfiB 5: HTfiB (25): PRINT "R": GOSUB 2260: UTfiB 5: HTfiB 

(24): PRIJtlT "fiO": GOSUB 2260r UTfiB 5: HTRB <23): PRINT "flDP 
": GOSUB 2260 

1750 FOR S = 22 TO 16 STEP - 1: UTfiB 5: . HTfiB (S): PRINT "flOP 
": GOSUB 2260: NEXT : UTfiB^S: HTfiB (16): PRINT "DP 

": GOSUB 2260: UTfiB 5: HTfiB (16): PRINT "P ": GOSUB 2260: UTfiB 5: HTfiB (1 
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6): PRINT " " . 
1?60 IF PEEK i. - 16384; = 155 THEN 1900 
1770 NEXT Q: 60SUB 2230 

1780 HTflB U5>: UTfiB 11: PRINT "<": HPLOT 97,83 TO 178>83 

FOR 0. = 1 TO 2 
1800 UTflB 10: HTPlB (25): PRINT "N 
": 60SUB 2260: UTflB 10: HTfiB (24): PRINT "Nfi* 

60SUB 2260: UTfiB 10: HTflB (23): PRINT "NfiD 
": 60SUB 2260: ^^TflB -lO: HTflB (22): PRINT "NfiDP . 

GOSUB 2260: UTflB 10: HTflB (21): PRINT "NfiDP 
+": 60SIJB 2260 

1810 FOR S = 20 TO 16 STEP -"1: UTflB 10: HTflB <S):' PRINT "NflDP 
+ ": 60SUB 2260: ".NEXt : UTflB 16: HTflB (16): PRINT "flDP ■ 
+ ": GOSUB-2260: UTflB 18: HTflB <ie>: PRINT "DP 

+ ": 60SLIE: 2260: UTflB lO: HTflB 06): PRINT "P+ ": GOSUB 2260: UTflB lO: HTflB 

(16): PRINT "+ " 
1820 GOSUB 2260: UTflB 1^: HTflB (16): PRINT "•" ■ 
1830 GOSUB 22feer:- IP PEg^ < - 16384) = 155 THEN 1909 
1840 NEXt Q . ^ 

1850 h!COLOR= 0: HPLOT 97,43 TO 178,43: HPLOT 97,83 TjO 178,83: HCOLOR= 3: UTi 
^6:^ HTflB (15): PRIWT " ": UTflB 11: HTflB (IS): PRINT " ": HPLOT 99,36 TO 
99,105 . 

I860 HPLOT 203,186 TO 208,125 TO-212,120: HPLOT 208,125 TO 204,^20: UTflB 
17: HTflB (27); PRINT "SUGflR OR": HTflB (28): PRINT "STARCH": GOSUB 222 
0 \ 
1865 GOSUB 2220 ' - » ! 

1870 HCOLOR= 0: HPLOT 208,106 TO 208,125 TO 212,120: HPLOT 208,125 TO 294 
,120: HCOLOR= 3: UTflB 17: ' HTflB (27): PRINT " ": HTflB (28): PRINT 

" ": GOSUB 2230 

1880 IF PEEK < - 16384) = 155 THEN 1900 ^ 
1890 NEXT U . - 

-1900 POKE - 16368,0: UTflB 1: HTflB (8>: PRINT "LIGHT . . 

II 

> 1905 UTflB 22: PRINT CHR$ (6): UTflB 23: INPUT "PRESS < RETURN 
> FOR THE PROGRAM HENU"jfl$: PRINT . CHR$ (25)iU3$ 
1910 •• REH MENU 

1915 PRINT "YOU HflUE REACHED THE END OF THIS PR06RAHON PHOTOPHOSPHORVLflTI 
ON. 

1920 PRINT : PRINT "HOULD VOU LIKE TO": PRINT : PRINT " 1) REUIEW THE C 
VCLIC PflTHWflV": PRINT : PRINT " 2) REUIEW THE NON-CVCLIC PATHHAV": PR 

1930 PRINT " 3) REUIEW THE SINULATIUN OF THE PHOTOPHOSPHORVL 
PTION PflTHWflV": PRINT : PRINT " 4) REUIEN THE SIMULATION OF PHOTO- 
SVNTHESIS": PRINT : i^RINT "OR 5) EXIT FROM THE PROGRflH 
1340 PRINT : PRINT "(BE SURE TO REUIEW flNV SECTION VOU DID NOT ^NDERSTAN 

D!>": PRINT : INPUT fl$ 
1950 IF UflL (fl$) = 2 THEN PRINT U3$: PRINT "PLEflSE BE PATIENT WHILE THE 

PROGRAM IS LOflDING...": PRINT CHR$ (4>J"RUN PHOTOPHOS 2": END 
1960 IF UflL (P*) = 4 THEN 280 

1970 IF Ul9L»(fl$) = 3 THEN ' PRIW U3$: PRINT "PLEflSE BE PATIENT WHILE THE . 

PROGRflhI IS LOflDING...": PRINT CHR$ ('4>;"RUN PHOTOPHOS 4": END 
1975 IF UflL (fl$) = 1 THEN PRINT U3$: PRINT "PLEflSE BE PATIENT WHILE THE 
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PRQGRPH IS LORDING...": PRINT CHR$ C4);"RUN PHOTOPHOS 3": END.' 
1980 IF^^PL (E$; < > 5 THEN PRINT : INPUT "PLEPlSE RE-ENTER- ".ft*: GOTO 

1930 ^PRIHT U3$: PRINT "THANK VOU f/R RUNNING THIS PRQGRPH. HOPE IT HE 

LPED VOU"": END C— 
2200 REM PHUSE PRESS RETURN SUBROUTINES 

2210 UTflB 24: INPUT "PRESS < RETURN , ^ ' . 

> TO CONTINUE" ifi$: PRINT U3$: RETURN . ^ 

2220 FOR Pfl = 1 TO 1200: NEi<T : RETURN 

2230 FOR Pfl = 1 TO 400: NEXT : RETURN 

2240 FOR -F-fl = 1 TO 160: NEXT : RETURN 

§250 FOR Pfi - 1 TO 300: NEXT^: RETURN 

2260* FOR Pfl = 1 TO- 100: NEXT : RETURN 
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Appendix C 



Photophosphorylation 
^ User* s .Guide 



The User*s Guide presents background information, 
applications, suggested exercises and documentation for the 
Photophosphoryla'tion program. 
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This program presents an introduction to the light 
reactions of photosynthesis*, photophosphorylation^. After an 
Introduction, the complete pathway is presented^to provide 
an overview, and foundati-on from which to progress. The 
pathway is then broken into its cyclic and non-cyclic 
componentsr, and each is discussed step by step at the 
molecular 'level. The program leads the user along the ' ^ 
pathways taken by an electron v{hich has become excited by 
light energy. The program also stresses the importance of 
the products of the light reactions to the dark reactions 
of photosynthesis. Several questions -are presented 
throughout the program to test the user's understanding of 
the concepts and. to create an interactive program. 

Prerequisite: Basic understanding' of molecules and atoms. * 

% 

Objectives: The user will ^be able'to: 

Distinguish between cyclic and non-cyclic photophos- 
phorylation and explain the conditions necessary for each 
to occur. 

Explain the basic difference between an electron donor 
and electron acceptor at the molecular level. 

Explain the roles played by light and pigments in 
phot ophpsphoryla.t ion. 

Background Information 

Photosynthesis is the conversion of light energy to 
chemical energy within a plant. The react ins involved take 
place in two stages, the light and dark reactions. The 
light reactions depend on photosynthetic pigments to 
convert light' energy to ATP and MADPH. These products, are 
then used in the dax;k reactions to convert carbon dioxide 
tc?' carbohydrates. The dark reactions can oceur 'in either 
light or dark^ conditions because they do not rely on 
pigments. However the light reactions, also termed 
photophosphorylation, depend on pigments to absorb light, 
thus initiating the reactions involved. 

The photosynthetic cells of a plant, such as leaf 
cells, contain organelles called chloroplast(ld)s. A 
chloroplast is surrounded by a single ipembrane; an inner 
membrane is folded to form many flattened vesicles called 
thykaloid disks. These disks occur in stacks called grana 
on which the light reactions of photosynthesis occur; the 
grana contain all of the pigments and enzymes necessary for 
the reactions. The dark reactions occur in the stroma or 
.liquid phase of the chloroplast. Most chloroplasts contain 
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the^* pigment chlorophyll, as well as the two clgtsses of 
a^essor^y pigments, carotenolds and phycdbillns (Lehnlnger, 
^lyI5) • All oxygen producing photosynthetlc *^ls of higher 
plants contain two types of chloVophyll chlorophyll .a and 
chlorophyll b, c or d depending on the type of plant. 

A pigment is a /!\olecule which caa absorb light because 
of its molecular structure, particularly the arrangement of 
electrons associated with the double bonds. When light 
Strikes a pigment Molecule capable of absorbing light of a 
given wavelength, light energy is abs.orbed by some of the 
electrons wh'lch are boosted to a higher- energy level; the 
molecule thus becomes excited (Lehnlnger, 1975) • 

In 1937 R.^^Hill' provided^ the first experimental 
evidence that the^ absorption of Jrlght energy causes 
electron flow (Lehninger, 1975) • When he exposed a solution 
of cell-free preparations obtalne'd from photosynthetlc 
organisms (intact chloroplasts) , water, 'and an electron 
acceptor to light, he found- that oxygen was produced and 
the acceptor molecules were reduced*.. Light energy caused 
certain chlorophyll tnolecules to\ become excited and lose an 
electron to an acceptor molecule; then water split to lose 
an electron to chlorophyll to fill the "electron hole," 
simultaneously releasing oxygen. This discovery (called the 
Hill Reaction) formed the bas^Ls of the photophosphorylatlon 
pathway, and gradually each of the electron donors and 
acceptors was discovered to yield the pathway we know 
today ^ 



Applications 

This program is best suited for an lntroductor*y 

Sollege level general biology or botany class. It may also 
e useful review for a basic biochemistry or plant 
physiology course. Due to the large arpount of material 
presented in* the program, it is suggested- that the user 
should be exposed to the subject prior to running the 
program. That is, either through a lecture Introducing the 
topic or through an Introductory text such as Biology of 
Planta by Raven, Evert and Curtis (1976). For the more 
advanced user, Lehnlnger^s Short Course in Biochemistry or 
Bidwell's Plant Physiology would suffice. If a more 
advanced look at photophosphorylatlon is desired, after 
running the program, Stryer^s Biochemistry (1981) provides 
an up to date, detailed coverage of the topic. A laboratory 
exercise dealing with the Hill Reaction is presented in the 
Appendix; it is suggested that such an exercise be used as 
a supplement to this program in a laboratory situation. 




C3 



Suggested Exercises , 

1. Explain why the two phases of photophosphorylat ion are 
termed cyclic and non-cyclic. What makes them different? 
V/hat are their products? What conditions are necessary Tor* 
the cyclic patjiway to operate? ^, 

2. Explain the difference between Pigment Systems I and II. 
Where do they fit into the light reactions? , 

3. Explain how light is related to the release of oxygen 
from a plant at the molecular level. 



The P^^aTft. 

TJhi^ pt\ogram operates in a special graphics mode 
calleclth^.. High Resolution Character Generator (HRCG) . This 
allows tlie HGR screen to operate as both a graphics and a 
text screen. Since pressing the RESET key interferes with 
the proper functioning of this mode^ it is suggested that ^ 
the user press the CTRL and G keys simultaneously if (s)he 
wishes to break the prograia. For more information about 
HRCG refer to the Applesoft Tool-Kit Manual (Apple Computer 
Co., 1980). 
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LIME NUMBERS 



FUNCTION 



In all subprograms: 

100-lilO RESET error message 

200-260 Remarks 



Subprogram: PHOTOPHOS 1 

270-290 Iriltlallze variables 
300-550 Main program (Introduction) 
560-117^0 Photosynthesis simulation subroutine 
• Il80-12il0 Pa*Us-e subroutines 



Subprogram: PH0T0PH6s 1*5 



270-320 Initialize variables 

4*00-1200 Main pro'gramr (Non-cy\3llc pathway) 

1210-1270 Menu , \ 

1280-15^0 Subroutine which drav^s basic pathway 

Ii|llO-l8i|0 Subroutine which simulates cyclic pathway 

1850-1900 Pause subroutines 



Subprogram: PHOTOPHOS 2 

270-320 Initialize variables 

40O-I65O Main program (Non-cyclic pathway) 

1660-1730 Menu 

17^0-1950 Subroutine which draws basic pathway 
1960-2010 Pause subroutines 



Subprogr^am: PHOTOPHOS 3- 

270-320 Initialize variables 
ilOO-1990 Main program (Cyclic pathway) 

990-12^0 Quiz questions 

1250-1^50 Summary 
2000-2190 Subroutine which draws basic pathway 
2210-2260 Pause subroutines^ 



.Subprogram: PHOTOPHOS ^\ 
J^lSlr^ZQ Iirtt±aart^e '^v^^ a b 1 e s 

ilOO-1920 Maln^program (Simulation of entire pathway) 
1930-1980 Pause subroutines 
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LINE NUMBERS 



FUNCTION 



Subprogram: PHOTOPHOS 5 

270-290 Initialize variables ' ^ 

1310-1950 Main program (Simulation of photosynthesis) 
1910-1990 rienu 

2200-2260" Pause subroutines ' . t 





Glossary for Photophosphorylatlon Subpeograms 



■ A -$- " Holds Input fcom key board 

B$ - Holds arrow shape 

CUE - Flag used in printing pathways 

E$ - Holds cirrow shape 

P$ - Holds arrow shape 

FLAG - Flag for counting wrong answers 

H' - Htab counter 

PA(U6E) - Pause loo^j^. counter 

Q - Loop counter 

R - Loop counter 

S - Loop counter 

SC - Holds raw score out of 5 quiz questions 

SC( - Hdlds percentile score for quiz 

T - Loop counter ^ 

U - Loop counter 

V - Vtab counter 

V3$ - CHR$(l6) - Clears sdreen and hones curax5r* 




^Function of HRCG (see Apple Computer Co^ , I98O) 
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'Laboratory E;^ercise: The Hill Reaction 



.TPo be used in conjunction with the Photophos'phbrylation - 
program* ' ' ^ & 

Note: .It iS' important tp keep the temperatur^^s^L^lbw; after 
the cljloroplasts have been isolated, be 'certalV^hat all 
test tube samples are kept immersed in an ice* water bath. 

-Removfe the^ midribs from the spinach leaveV provided; weigh 
out 50g of leaves and hornogenize them with 50ml isolation 
medium (O.^M sucrose in 0.. 06M potasium phosphate buffer,. pH 
^ 6.5)' in a blender for 2'l^iiutes. Pilfer the green 
^ suspension through several^^ layers of cheesecloth and theq^ 
centrifuge the supe.rnatant for 2 minutes at ^OOg, Remove 
the supernatant "and centr^^^uge it for 10 minutes at lOOg. 
Wash the precipitate (chloroolasts)' by resuspending in a 
^ small volume of the isolation medium and centrifuge again 
under the same conditions. Finally, suspend the pellet in 
20ml of the cold reaction medium (0.03M potassium phos^phate 
buffer, pH 6.5, y^ith O.OlM^potassium chloride) by gently . 
agitating with a glass stirring rod. 

Dilute' the original chioroplast suspension (with reaction 
medium) to give a chlorophyll concentration of 5mg/ml. 
Using 3 cuvettes, add 1ml of the chloroplast suspension to 
each tul-i, followed by 3ml of DPIP solution. Immediately 
wrap 1 tibe in .aluminum foil and place in a dark - 
. xjeJCj:!ig.er,a.tor. . Add several ^'cry^tals o^f. so^ to 
i^he seaond tube -and use— It to -se t lOOvS^-t ran&mis^ a 
spectrophotometer. Next, Insert the 'third tube and read the 
optical density (OD), note the time, and record OD and 
time. Place this tube in front of a light bulb (about 20cm) 
and record its OD every 5 minutes for 30 minutes. After 30 
minutes read the OD of Jbhe tube kept in the dark and the 
tube to which sodium, dithionite was added. Plot OD vs. time 
Tor the tube expos-e "that had been exposed to light. 

What, does the tube to Which sodluin dithionite was • 
added represent? 

— What does the tube in the dark represent? 

— How can the results be explained in terms of the Hill 
Reaction? - 

f Explain the rale of. DPIP in the experiment. 

(Source: Dr. Carrier, Albion College, Albion, MI, 1980) 
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Appendix D 



Photophosphorylatidfi Written Version 



The following is the written material which was presen 
to the control group in the Photophosphorylation 

' evaluation^ 
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PHQTOPHOSPHORYWTrON _ 
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' Instructions 

Read through this^ module as you V'/ould a textbook 
chapter. When you are instructed to refer to specific pages 
or figures, you should return to where you left off when 
you finish examining the reference. Note that terms 
normally containing superscript and/or Gubscript notation 
have been written here wJ^thovrt such notation (example; H+), 
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Introduction 

Photosynthesis is the conversion of ll^ht energy to 
chemical energy within a plant. The reactions Involved take 
place In two stages . 

Light Reactions 

Basically, in the first stage, light energy is used to 
convert ADP to ATP to provide the plant with usable energy. 
Also, NADP+ is converted to NADPII to provide the hydrogen 
and electrons needed to reduce carbon dioxide to 
carbohydrates. These reactions require light, thus they are 
called the LIGHT REACTIONS of photosynthesis or 
PHOTOPHOSPHORYLATION. . 



Dark Reactions 

In the second stage, the energy products of the light 
reactions "kre used to convert carbon dioxide to 
carbohydrates. The reactions of the second stage do not 
require light, thus they are called the DARK REACTIONS of 
photosynthesis; they actually take place under light AMD 
dark conditions.' ' " 



LIGHT 



Light 
Rea ct i on 



T 



ATP 




ADP 
, NADPH 


Dark 
React i on 


NADP+ 

i 





— >2e~ + 1/2 O2 + 2ir** sugar or 

starch 



Figure 1. Summary diagram of photosynthesis. 

Figure 1 is a diagram of photosynthetic products being 
formed and used. Keep in mind ... even though products 
appear to form one at a time in this diagram, these and 
other reactions occur simultaneously in the plant cell. 
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Chloroplasts 



Photosynthesis takes place In hiehly specialized 
organelles, the chlopoplasfcs or chloroplastids. 
Chloroplasts are found in all higher plants, bryophytes and 
most algae* Chloroplasts exist in the cytoplasm of 
photosynthetic cells, such as leaf cells. The dark and 
light reactions occur in all chloroplasts , |but each occur 
ir^ different location inside the organelle. 

Chlorophyll 

The pigment chlorophyll is found in chloroplasts. It 
exists in many forms which differ in their structure and 
the wavelength of light they absorb. The 'leaves of many 
plants are green because they contain high amounts of 
chlorophyll relative to other pigments. Chlorophyll absorbs 
violet, blue and red ligfit and reflects, or transmits, 
green light. 

Pigment Systems 

Chlorophyll and other pigments involved in the light 
reactions of photosynthesis make up two pigment systems. 
These systems are called Pigment System I and Pigment 
System II. Their function is to absorb light that strikes 
"the leaf and convert the light to chemical energy. 

Let's go on and look at a diagram of photo-' 
phosphorylation. Don't expect to understand it Just yet. 
This is just to give you a feeling for the pathway as a 
whole. Then we will break it down into parts to examine 
hat» ^ 



's happening at the molecular level. 

♦ 

High 



\ 
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NflDPH 
flDP+ 




Figure 2. Summary diagram of photophosphorylation 

When you are through looking at Figure 2 for now, go on to 
the next page. 
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Now (hat you have seen the whole pathway, let's break 
it down afev examine the parts. We will start by looking at f 
the two piement systems involved -in photophosphory lotion, 
Pigment SystTein I and Pigment System II. ^ 



High- 



N 



2^ /^NftOPH 
^ ^*i>Ferredo>:i.n— 



G 
V 



Loui 



Q 



cyt 




F\TP ADP 



• LIGHT 



Figure 3. Summary diagram of non-cyclic photophos- 
phorylation 



<1JhVoughout the following description. 

This diacram (Pig.3) ^represents part of the 



refer to Figure 3> 



this 
with 



Vhotophosphorylat'ion pathway. The components of 
pathway were determined through experimentation 
chloroplasts. 

The reactive chlorophyll- mol^cul^ in Pigment System I 
^(PS I) is called P700. "The reactive chloTq^^hyll molecule in 
Pigment 'system II (PS II) is called P680. When the 
appropriate color of light strikes PS I or PS II, an 
electron i| the reactive molecHle (P700 or P680) is raised^ 
to an exciled st^te.. This means that the reactive molecule 
is raised above its ground state to a higher energy level. 
This activates the electron'so 4t may be passed to an 
acceptor molecule. . - - • 

As we look at each electron acceptor, keep in mind 
that a molepjuie will not ac'cept an electron unles-S it is 
• already lacHng an electron. 

When llKht strikes' P/)ao (>S ID," it donates an 
electron to the acceptor molecule , "Q. " P680+ then returns 
to a lower energy level. The .+ s^gn indicates that the ^ 
molecule is missing an rolectron, thus it is- positively 
charged. 
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" P680 tihen draws an electron away from a molecule of 
water* This causes the water molecule to split, thus* oxygen 
is released from the plant* Once P680 accepts the electron 
it needs, it returns to its ground state and remains at 
this energy level until it picks up raore light waves of the 
appropriate v/avelength. 

Meanwhile the excit;ed electron is passed by *^Q," a^ 
molectue of plastoquihone^ to a series of cytochromes arid 
other electron carriers which act iHS electron acceptors^ and 
donors*. As the electron is Wssed it loses some of Its ; 
energy to each electron carrier^ This energy drives fehe 
spontaneous "downward movement" of electrons. Even. though 
the electron loses energy as It passes through the 
cytochrome chair, it is stni^at a raised energy level, 
relative to its Initial energy level, when it is finally 
accepted by P7bO* ^ ( 

As the electron is passes^ along the series of 
cytochromes, the energy needsa to join ADP and inorganic 
phosphate is trapped* Thus a- molecule of ATP is formed* 

If you would like a definition of ATP, briefly turn .to page 
10* 

It is because of this ifght activated phosphorylation 
of ADP to^form ATP, that the light reactions of 
photosyftthesls were named "photo - phosphorylation* " 

Remember -that ATP and- ADP molecules move to and from 
the pathway* Tb dark reactions, which occur elsev/here In 
the, chloropla^st , use ATP and produce ADP. 

V/hat causes P700 to be boosted to a higher energy level? 
<Briefly turn to^ page 10 (F) to check your ansv/er> 

V/hat must be missing from a P700 molecule, at the molecular 
level, before it can accept an electron from a cytochrdme 
molecule? 

<Briefly turn to page 10 (A) to check your answer> 

When light strikes PS I, P700 donates its electron to 
acceptor molecule "Z*" It the*n returns to a lower energy 
level, but does not return to its ground state until it 
accepts another electron* The molecule Z passes th^/ 
electron down an energy gradient to ferredoxin, ary iron 
' protein. If there is sufficient hADP+ to accept the 
electrons- f-rpm ferredoxin, then ferredoxin donatf^s its 
electrons^-to'NADP+* Por^every two electrons donated, one 
molecule of NADPH is formed. 

If you would like a definition of NADP, briefly turn to 
page 10* 
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Prom what molecule involved in this pathway do you •think 
the aecond electron comes? 

<Brlefly turn to page 10 (E) to check your answer> 

Since ferredoxin is only a one-electron carrier, two 
molecules of It are needed, one for each electron. These 
electrons then converge to form one molecule of NADPH from 
NADP+. • . . - 

A hydrogen ion is also needed to form NADPH from NADP+. Of 
the molecules we ha^.e discussed so far, which do you think 
supplies the hydrogen ion? 

<Briefly turn to page 10 (C) to check your answer> 

After a molecule* of NADPH forms, it "moves from the 
^pathway" to be used in the dark reactions elsewhere in the 
^ig^loroplast. The dark reactions produce" the* IIADP+ which 
gets used in the light reactions. When two mol^ecules of 
ferredoxin again have one electron each to donate, they 
will pass them to NADP+ If it is available. ^ 

> 

The pathway that we "Just traced through (Fig. 3), 
ending with the fbrmation of NADPH, is called NON-CYCLIC 
photophosphorylation. It is called "non-cyclic" because 
electrons essentially flow from water to NADP+ without 
cycling back to P700. » 

.At this point you may: 

1) review this section on non-cyclic 
photophosphorylatioh P'3 

2) go on and learn about cyclic 
photophosphorylation -....p. 6 



Turn to the page number which corresponds with your chofce 
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Figure i|. Summary of cyclic photophosphorylation. 



<Throuehout the following description refer to Figure 



This pathway (Fig.^) represents what biologists 
believe to be^CYCLIC photophosphorylation-. Notice that it 
contains portions of the non-cyclic pathway (from Fig.3)» 
Biologists believe the plant utilizes this pathway when 
NADT+ is not available to accept electrons from f^rredoxin. 

NADP+ is not shown in Figure 4 because we would like 
to discuss what happens when it is not available to the 
photophosphorylation reactions. 

V 

Let*s assume that an electron has been boosted to a 
higher energy level by light, and passed from waktern^ 
ferredoxin via non-cyclic photopho'sphorylation. This means 
that ferredoxin needs to donate the excited e^eqtron to an 
acceptor so it can become a stable molecule. ^ 

When NADP+ is unavailable, the electron Is donated to 
a chain of various cytochrome molecules* As in the 
non-cyclic pathway^ the electron loses some of its energy 
to each cytochrome, and some of its energy is trapped to 
form a molecule of ATP. The formation of ATP in the cyclic 
pathway keeps ATP supplied to the cell in the absence of 
non-cyclic photophosphorylation. If there is a surplus, of 
ATP it can be used for other synthetic processer, in 
addition to the dark reactions. 
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Unlike the formation of IIADPH, only one molecule of 
fprredoxin is needed to donate an electron back through the 
.:^ah »^r^ tn PTOO. Rftcause we ars assurnint.'; P700 ' 



donated its electron to ferredoxin it follows that it has a 
nee4 for an .electron. Therefore it accepts the one passed 
"dawn" through the cytochrome chain. 

Once P700 has accepted this electron, is it in its ground 
state? <Briefly turn to page 10 (B) to chetk your answer> 

. * • 

Is PS II (P680) involved in cyclic photophosphorylation? 
<Brief ly turn to page 10 (D) to t:heck your answer> 

As long as 1) NADP+ molecules are unavailable and 2) 
light of tl;e appropriate wavelength is present, the excited 
electron will continue to cycle. 

This ends the explanation of cyclic photophos- 
phorylation. Next you will be presented with 5 questions. 
Each question may deal with the cyclic pathway, non-cyclic 
pathway, or both. When you are through examining Figure 'I, 
turn the page for the first question. , 

You* may skip' the upcoming questions if you have already 
answered them once (i.e. if this will be a review for you). 
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1) cyclic 2) non-cyclic 3) both 1 & 2 

-Rest^md— frc-eaxrh-qiAe ^tlon b y on^fe-ef^ng- -th e niimhpp 1 , ? or ^, 
depending on which choice correctly answers each question 
below. Decide on your answer for each question and turn to 
the appropriate page to check ^your answer and receive an 
explanation. 

- Which pathway produces net ATP? 
<see page 11 (H)> 

- Which pathway Involves PS II? 
<see page 10 (G)> 

- Which pathway produces oxygen? ' 
<see page II (K)> 

- Which pathway takes place only In the light? 
<see pa:ge 11 (J)> 

- P700 is the reactive chlorophyll molecule of which 
pathway?- j 

<see page' LI (I)> 



Keep these questions in mind when you review the diagram of 
the entire photophosphorylation pathway (Flg.l) after 
reading the summary on the next page. 
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The outstanding features of cyclic and non-cyclic 
photophosphorylatlxm are summarized below: 




NON-CifCLIC [7 \ ~ 

1) lnvolv.es PS\I and PS II 

2) produces ATP\and NADPH 

3) cat^^^s wate^to split and release oxygen 



CYCLIC 



1) Involves PS I only --^ 

2) produces ATP, but not NADPH 

3) doies not Involve water, therefore oxygen Is not 
produced 

Well, that sums up photophosphorylatlon. At this point you 
^houl^^-revdew^- -F4^.ne_2-,_tJie--saimraa^^ ^ejxt JLre 

photophosphorylatlon pathway. Hopefully 'it will make more 
sense this time. You should also review Figure 1, the 4 
summary diagram of photosynthesis. Reviewing these two 
diagrams should help you pull together all of the 
information presented in this module. Also, be sure to 
review any section^ you do not understand. 

Remember, many of the reactions in the above pathways, 
occur simultaneously in the" chloroplasts of each 
photosynthetlc plant cell. 
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Definition of ATP: 

ATP functions as the major carrt^r^gr-chemica-l— erte i*sy in — ■ — 
the cells of all living organisms. As it transfers energy 
to other molecules it- loses its terminal phosphate group 
and becomes ADP. ADP can accept chemical energy by gaining • 
a phosphate s^'oup, thus it becomes ATP. In the case of 
plants, ATP forms at the expense of solar energy. 

Definition of NADP: 

NAD? is an organic molecule that carries electrons from 
electron donors to electron acceptor^. In this case, NADP 
accepts electrons, from ferredoxin- and carries them to the 
part of the chloroplast where the. dark reaction.s_-occur. The 
electrons a re t hen donated to^available electron acceptors 
in the dark reactions.^ " : ' 

(A) The answer is electron. A molecule cannot accept an 
electron unless it is first missing an electron. 

(B) The answer ts yes. Once P700 accepts the electron which 
was passed through the cytochrome chain, it has fulfilled 
its need for an electron. Thus it returns to its ground 
state energy level. 

' (C) The answer is water. Tti^ere may be other sources of 
hydrogen ions in the chloroplast, but water splits and 
donates the hydrogens to NADP+ when light Is present. 

« 

(D) The answer is no. The electron which fills the 
"electron hole" in P700 (PS I) is constantly recycled, thus 
the reactive molecule in PS II (P680) is not n^eded^ to 
donate an electron. P680 will still be activated when light 
strikes PS II, but it will not be able -to pass its excited 
electron very far along the non-cyclic pathway when the 

- plant is '-^llizing the cyclic pathway. 

(E) ~TRe-b«Bt answer is water. The second electron ^omes 
from P680, which originally accepted it from water. It 
follows the same pathway that the first electron did 
because a molecule of NADP+ is available .to accept it. 

(P) The answer is light (energy). The color of light 
appropriate "for PS I strikes a reactive molecule of P700. 
Thus an electron is excited", causing P700 to be raised to a 
higher energy level. If the light source is turned off, the 
entire pathway "shuts down" at the reactive chlorophyll 
molecules. That is, no electrons- can be passed from these 
molecules In the dark. 

(G) The answer is 2 (non-cyclic). The non-cyclic pathway l.s 
the one. wfiich involves PS II as well as PS I. The cyclic 
pathway only involves PS I^ 
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(H) The answer is 3 (both cyclic and non-cyclic). Both the 
cyclic and non-cyeXic pathways producS-SW;^ This results in 
a net gain o f-ATP-w hich can bo aged-^^q— thi^^tiaii^ f rp?^ot -. 1 on.s 



of photosynthesis or in other synthetic pathways when in ' 
surplus. 

(I) The answer is 3 (both cyclic and non-cyclic'). P700 is 
the reactive molecule in PS i, and PS I is involved in both 
pathways. Also, do not forget that the^reactive molecule in 
each Pigment system does not make'iip the entire pigment 
syst' ,1. There are other pigments involved also. 

(J) The answer is 3 (both cyclic and non-cy,clic). The 
entire process of photophosphorylation requires light'. ' 
Therefore both pathways require ligh*t. Remember how the 
_pathMaiL_^JLJl£s_jiajne_. ;^ 



(K) The answer is 2 (non-cyclic). Since the non-cyclic 
pathway is the one vfhich involves water, it is the one that 
produces oxygen 'when a water molecule splits. 
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• Appendix E , , . 
Photophosphorylation Study Guide 



. The study guide Is a copy of the instructions and 
objectives given to all students participating in the / 
Photophosp'horylation evaluation. Occurring in parentheses 
after each objective, for the purposes of this report, are 
the item numbers of the items on the Photophosphorylation 
Test which fit each of the objectives. 




^oda^ you will lo e4c— -ar-me4 ul e ontltle d- ^otophos- 

phorylation. You will either run the computer program 
version or read a writt*?n version as specified by your 
instructor. The written version is a printed copy of the 
text and diagrams presented in the computer program. 

# 

Below is a. list of learning objectives (things you should 
iearn from the module)-. These are listed in the order in 
which they occur in the module to help guide you. You will 
talQe a. written 20 question multiple choice quiz immediately 
after you look at the module. The quiz questions are all 
taken from (based on) the below objectives. IP YOU MEET THE 
BELOW OBJECTIVES WHILE USING THE MODULE, YOU WILL DO WELL 
ON THE POST-QUIZ. 



IMPORTANT: This quiz score may replace your lowest quiz 
grade in recitation! There will be one question pertaining 
to this module on your recitation quiz next week. There 
will also be questions about photophosphorylation oh your 
final exam , in ■ lecture. 

Objectives: 

-Comprehend why the light reactions of photosynthesis 

require light and the dark reactions of photosynthesis do 
not. (5,8) 

-Identify the products supplied to the dafk reactions of 
— phTrtPO synthesis by the light reactions of photo syntlie_sJ.s 

and vice versa. (1,17) 
-Recall where, in the cell, the light and dark reactions of 

photosynthesis occur. (18) 
-Explain why Pigmeat System I and Pigment System II are 

activated by different wavelengths of light. (2) 
-Distinguish between an electron acceptor and an electron 

donor. (3) . . 

-Explain the relationship between ground state energy level 

-ol a molecule and its excited energy state. (9) 
-Explain Ijow light is related to the. release of oxygen from 

a plant. X6) 
-Identify the contributions made by water to 

photosynthesis. (12,1^) 
-Recognize what conditions and/or molecular components are 

necessary for a molecule of ATP or NADPH to form during 

photophosphorylation. (7,20) 
-Recall the conditions necessary for cyclic 

.photophosphorylation to occur. (8,15,l6) 
-Predict where .an electron will go in the 

photophosphorylation pst'thway, given its location in the 

pathway. (10,19) 

-Distinguish between cyclic and non-cyclic 

photophosphorylation based on the components and outputs 
of each. (^1, 10, 11,13) 
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Photophosphorylation Quiz 



The following is the test administered to students 
immediately after they completed the Photophosphorylation 
module, as part of its evaluation. Correct answers are 
Indicated with an asterisk for the purposes of this report 



PI 



RECORD YOUR NAME AND STUDENT NUM3ER ON THE COMPUTER ANSWER 

and mark it on the answer sheet. Note that terms normally 
containing subscript and/or superscript notation have been 
written without such notation (examples: P680^ NADP+)* 
PLEASE DO NOT WRITE ON THIS QUIZ. . 



1. Which of the following are produced by the light 
reactions of photosynthesis (photophosphorylation) and used 
In the dark reactions of photosynthesis? 

*A. ATP and NADPH 

B. ADP and NADP+ 

C. ATP and NADP+ 

D. ADP and NADPH 



2. Pigment System I (PS I) and Pigment System II (PS II) 
are activated by different wavelengths of light because 
they have different 



A* cytpchrome molecules. / 

*B. pigment molecules. v 

C. locations in the chloropi^rt>t< 

D. ground state energy levels. 



3. Which of the following is in the proper molecular 
condition to accept an electron? 

*A. P680+ 

B. NADPH 

C. OH- ^ * 

D. ^700 

E. more than one of the above is correct 



Which of the following is true of cyclic photophos- 
phorylation? 

A. involves PS II (P680) only 

B. ATP is not produced 
*C. oxy^n is not produced 

D. all of the above are true 



5. The light reactions occur only when the plant is exposed 
to light. 

*A» true ^ 
B. false « 
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6. Oxygen is produced when 



*A. P680 removes an electron from water. 

B# P680 donates an electron to water. 

C. NADP+ removes an electron from water.. 

D. NADP+ removes a H+ from ws^ter. 



7. Which of the following is needed to form a molecule of 
NADPH from MADP+? 

*A. 2 electrons, 1 H+ \ 

B. 1 electrons , 1 H+ 

C. 1 electrons, 2 H+ 

D. 2 electrons, 2 H+ 



8. When cyclic photophosphorylation is in use, it keeps 
cycling the same electron through the pathway. Therefore 
the cyclic pathway does WOT require IjLght . to function. 

km true N 
*B. false " ^ 
C. sometimes true, sometimes false 



A. ground state energy l^vel 

B. excited energy state 

*C* between excited and ground states 

D. none of the above 

10. Which of the f^ollowing best describes what happens as 
an electron is passed through a cytochrome chain in photo- 
phosphorylation? 

A. energy is lost by the electron 

B. energy is trapped 'to form ATP 

C. P7OO returns to its ground state 

D. none of the above, it depends on which cytochrome 
chain one is referring to 

«E. A, D, and C 



9. Based on this portion of -the photophos- 
phorylation pathway, which of the following 
best describes the condition of P700? 




P700+ 
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H. Which of the -following is associated v/ith the cyclic 
pathway of phQtophosphorylation? 

A» Q Cplastoquinone) 

B. P680 

C. NADP+ 



12. Which of the following is DIRECTLY related t'o wa\.er in 
the photophosphorylation pathway? 

A. ferredoxin 

B. P700 
«C. NADP-^ 

D. none of the abav6 



13. Assume that plant cells were treated with a chemical 
known to inhibit transfer of electrons by cytochromes. What 
would you expect to occur? 
« ' 

A. only the cyclic pathway of photophosphorylation 

would-be inhibited 
B# only the non-cyclic pathway would be inhibited 
€• neither cyclic or non-cyclic would be inhibited 
.*D* both> cyclic and non-cyclic would be inhibited 



14* Based on the equation given in the module, how many 
electrons (total) can one molecule of water contribute to 
photophosphorylation? 



15. Where do electronic, obtained from water, end up during 
the process of non-cyclic photophosphorylation? 

A. oxygen 

*B. NADPH 

C. ATP 

D. P700 




A. 1 
«B. 2 
C. 3 




1 6 . V.'hgr o do ^ipr^ i-nAn?^ nf rftrrftd oxln go when MADP+ Is 
NOT available to serve as an acceptor? 

A. they remain attached to ferredoxin 

B. they combine with H+ ions ^ 

C. -they combine with ATP to make ADP 

»p. they return through the cytochromes to P700 

17. Which of the following is NOT produced by the light 
reactions of photosynthesis? 

A. ATP 

NADPH 

C. oxygen 
«D. sugar 

18. Which of the following occurs in the chloroplasts of 
plan^^? 

A. light reactions of photosynthesis 

B. dark reactions of photosynthesis 
«C. both light and dark reactions 

D. neither, bojih photosynthetic pathways occUr outside 
the chloroplast 



19. Which of the following correctly describes the sequence 
followed by electrons which leave P6R0 (PS II)? 

A. cytochromes, Q (plastoquinone) , P700 

B. P700, Q, cytochromes 

C. cytochromes, P700, Q 
*D. C, cytochromes, P700 

20. How many times does a molecule of P68O (PS II) need to 
be activated by light to produce one molecule of tJADPH? 

A. 0 (P680 is not involved in producing MADPH) 

B. 1 time 
»C. 2 times 

D. ^ times 
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Photophosphorylation Lecture 



Th(B following is the lecture presented by the BL 10^ 
instructor 42 days prior to the Photophosphorylation 
evaluation. This pco^'ldes an idea of student background, 
for those students participating in the .evaluation • 
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Plant 8_ have many of the same energy needs as 'animals 
(syntSesXs of proteTnG, niicIeTc^acrds , -celTinose , eTcr)r;' 
However they have the* advantage of being able to to produce 
TP energy from light by the process of photophos- " 
horylation. This process occurs in plants in the 
chloroplast; an organelle which contains chlorophyll 
molecules arrayed on a membrane in clusters in order to 
perform two kinds of photophos^^horylation. In each case the 
chlorophyll is important; in that: * 

A. It can absorb light with the consequence that one - 
electron in the molecule is activated to* a higher energy 
level. 

B. \Unlike most molecules this actl^^ated electron can be 
forc^ into some acceptor molecule and thereby causes it to 
be reduced (reverse of being oxidized). This reduced 
•acceptor, can then react in eithep of two ways: 

1. Tq p^roduce the reduced coenzyme NADPH2 (Nicotinamide 
Adenine Dinucleotide Phosphate, a coenzyme similar to 
• NAD). 

2m To pass its electron through a chain of reactions 

simila'r to the respiratory cytochrome electron trans- 
port chain with the consequent production of ATP. 
Both of these results, occur in the process called non- 
cyclic photophosphorylation. • , 

C. Non-cyclic photophosphorylation - in this process 
electrons are taken from water (with trie result th^t o^cygen 
is formed), passed to the chlorophyll mpleculiss, activated 
twice by' light to a high energy level, and after several 
transfers finally end up being used to reduce 'NADP to 
become NADH2. This process is called non-cyclic because 
electrons start at water, and end up in the NADPB2 
molecule. Note that the end result is almost the opposite 
from 'that which happens in the respiratory cyto-chrome 
electron transport. In respiration, we start^with the 
reduced coenzyme" NADPH2, and electnons ana hydrogens are 
passed down the energy gradient to oxygen to form water; 
energy was produced as ATP. In non-cyclic photophos- 
phorylation hydrogens and electrons are 'removed from the 
oxygen of water* and pumped up the energy gradient by I'^ght 
to produce the reduced coenzyme NADPH2. 

Dt^-Cyclic photophosphorylation 'is- believed to be a 
rela'tively minor process wljiloh results in chlorophyll 
electrons being pumped up to a high level b^ light," passing 
back through a chain of cytochrome to chlorophyll again 
yielding ATP as a product. The electrons cycue around^ no 
oxygen is formed, no NADPH2 is formed, only ATP. 

Dr. H. Robert Krear, Ph.D. " . 
Michigan Technologica^l University 
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Appendix H 



BL 104 Class. Statistics 



Following are the field of study r'Sex and academic year, 
statistics summarized for individuals in each treatment 
-g-poup of the PhotophosphorylaJ;ion evaluation. Also 
indicat.ed are the number of people who attended each lab 
section for the evaluation. The lab sections were at the 
following times: 

Section 1 Thursday (1/21/82) 12pm - 3pm 

2 Thursday 3pm - 6pm 

3 Thursday 7pm - 10pm 
11 Friday (1/22/82) 9am - 12pm 
5 Friday 12pm - 3pm 



ERIC 



HI 






Groi 


jps 




V,/ 11 


CL 




WL 


r JLc xu 










DlO« OCl« 


1 


1 


2 


1 


Forestry 


1 A 


Q 
0 


11 




Computer Scl. 


0 
3 






X 


Engineering 


c 
D 


Q 






Ut ner 


u 






3 


ACaaemxc xear 










Preshin3.n 


18 


16 


18 


17 


Sophomore 


C 
D 




3 


Q 

0 


Junior 


1 
X 


li 


0 
(L 


3 


Senior 




2 


1 


3 


rost uraauaue 






1 




Sex 


* 








Hale 


10 


1 / * 


10 


on* 


Female 




y 




0 


Lab Section 










1 




6 


5 


i< 


2 


5 


5 




' 6 


3 


4 


5* 


6 


6* 


il 


6 


5 




5 


5 


6 


5 


6 


5 



CM = computer/module first 

CL = computer/lab work first 

WM " written version/module first 

WL = written version/lab work first 



^Subtract 1 when considering ANOVA and related statistics, 
to acc'ount for two students being randomly eliminated. 
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Appendix I 



Schedule of Lab Topics and SUMIT Programs Used in BL 101 

The following schedule' outlines the topics covered and the 
SUMMIT programs available dur.ing the firstv.six weeks of BL 
l-OM, winter quarter (beginning 11/30/81). CAI programs were 
assigned as either manditory or optional each week. 




II 



Topic 



SUMIT CAI 



Lab Sections 



(week) 




pi»ograms 


1 


2 


3 


4 


5- 


1 


<• 

Cell structure 


Cell Structure 


M 


0 


0 


M 


0 


2 


Chemistry 


Enzyme Activity 


0 


M 


0 . 


0 ■ 


M 


3 


Genetics 


Mitosis/Meiosis 


M 


Q 


0 


M 


0 






Two Week Vacation 












IJ 


Genetics 2 


Monohybrid Cross 


0 


M 


0 


0 


M 


5 


Animal Behavior 


Life Expectancy 


0 


0 


0 


0 


0 






& Baffles (games) 












6 


Ecology/ Soil 


Photophos . 


M 


M 


M 




M 



M = Manditory 
0 = Optional 
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ERIC 



15. 



